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PREFACE 

TO    THE    SECOND    EDITION. 


Two  hundred  and  ninety  years  have  now  elapsed 
since  one  of  the  earhest  introductions  to  Botany 
upon  record  was  pubUshed,  in  four  pages  folio,  by 
Leonhart  Fuchs,  a  learned  physician  of  Tubingen. 
At  that  period  Botany  was  nothing  more  than  the 
art  of  distinguishing  one  plant  from  another,  and 
of  remembering  the  medical  qualities,  sometimes  real, 
but  more  frequently  imaginary,  which  experience,  or 
error,  or  superstition,  had  ascribed  to  them.  Little 
was  known  of  Vegetable  Physiology,  nothing  of  Vege- 
table Anatomy,  and  even  the  mode  of  arranging 
species  systematically  had  still  to  be  discovered  ; 
while  scarcely  a  trace  existed  of  those  modern  views 
which  have  raised  the  science  from  the  mere  business 
of  the  herb-gatherer  to  a  station  among  the  most  in- 
tellectual branches  of  natural  philosophy. 

It  now  comprehends  a  knowledge  not  only  of  the 
names  and  uses  of  plants,  but  of  their  external  and 
internal  organisation,  and  of  their  anatomy  and  phy- 
siological phenomena :  it  embraces  a  consideration 
of  the  plan  upon  which  those  nuiltitudes  of  vegetable 
forms  that  clothe  the  earth  have  been  created,  of  the 
skilful  combinations  out  of  which  so  many  various 
organs  have  emanated,  of  the  laws  that  regulate  the 
dispersion  and  location  of  species,  and  of  the  influ- 
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ence  that  climate  exercises  upon  their  developement ; 
and,  lastly,  from  botany  as  now  understood,  in  its 
most  extensive  signification,  is  inseparable  the  know- 
ledge of  the  various  ways  in  which  the  laws  of  vege- 
table life  are  applicable  to  the  augmentation  of  the 
luxuries  and  comforts,  or  to  the  diminution  of  the 
wants  and  miseries,  of  mankind.  It  is  by  no  means, 
as  some  suppose,  a  science  for  the  idle  philosopher  in 
his  closet ;  neither  is  it  merely  an  amusing  accom- 
plishment, as  others  appear  to  think  ;  on  the  con- 
trary, its  field  is  in  the  midst  of  meadows,  and 
gardens,  and  forests,  on  the  sides  of  mountains,  and 
in  the  depths  of  mines,  —  wherever  vegetation  still 
flourishes,  or  wherever  it  attests  by  its  remains  the 
existence  of  a  former  world.  It  is  the  science  that 
converts  the  useless  or  noxious  weed  into  the  nutri- 
tious vegetable  ;  which  changes  a  bare  volcanic  rock, 
like  Ascension,  into  a  green  and  fertile  island  ;  and 
which  enables  the  man  of  science,  by  the  power  it 
gives  him  of  judging  how  far  the  productions  of  one 
climate  are  susceptible  of  cultivation  in  another,  to 
guide  the  colonist  in  his  enterprises,  and  to  save  him 
from  those  errors  and  losses  into  which  all  such  per- 
sons unacquainted  with  Botany  are  liable  to  fall.  This 
science,  finally,  it  is  which  teaches  the  physician  how 
to  discover  in  every  region  the  medicines  that  are 
best  adapted  for  the  maladies  that  prevail  in  it ;  and 
which,  by  furnishing  him  with  a  certain  clue  to  the 
knowledge  of  the  tribes  in  which  particular  proper- 
ties are,  or  are  not,  to  be  found,  renders  him  as  much 
at  ease,  alone  and  seemingly  without  resources,  in  a 
land  of  unknown  heibs,  as  if  he  were  in  the  midst  of 
a  magazine  of  drugs  in  some  civilised  country. 

Tlie   principles  of  such  a  science  must  necessa- 
rily be  comphcated,  and  in  certain  branches,  which 
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have    only    for  a   short    time   occupied   the    atten- 
tion  of  observers,  or  which  depend  upon  obscure  and 
iU-understood  evidence,  are  by  no  means  so  clearly 
defined  as  could  be  wished.     To  explain  those  prin- 
ciples,  to  adduce  the  evidence  by  which  their  truth 
is  supposed   to   be  proved,  or   the   reasoning  upon 
which  they  are  based  in  cases  where  direct  proof  is 
unattainable ;  to  show  the  causes  of  errors  that  are 
now  exploded,  and  the  insufficiency  of  the  arguments 
by  which  doubtful  theories  are  still  defended,  —  in 
fine,  to  draw  a  distinct  line  between  what  is  certain 
and  what  is  doubtful,  —  are  some  of  the  objects  of  this 
publication,  which  is  intended  for  the  use  of  those 
who,  without   being  willing   to   occupy  themselves 
with  a  detailed  examination  of  the  vast  mass  of  evi- 
dence upon  which  the  modern  science  of  botany  is 
founded,  are,  nevertheless,  anxious  to  acquire  a  dis- 
tinct idea  of  the  nature  of  that  evidence.     Another 
and  not  less  important  purpose  has  been  to  demon- 
strate,  by  a  series  of  well-connected  proofs,  that  in  no 
department  of  natural  history  are  the  simplicity  and 
harmony  that  pervade  the  universe  more  strikingly 
manifest  than  in  the  vegetable  kingdom,  where  the 
most  varied  forms  are  produced  by  the  combination 
of  a  very  small  number  of  distinct  organs,  and  the 
most  important  phenomena  are  distinctly  explained 
by  a  few  simple  laws  of  life  and  structure. 

In  the  execution  of  these  objects,  I  have  followed 
very  nearly  the  method  recommended  by  the  cele- 
brated  Professor  De  CandoUe,  than  whom  no  man  is 
entitled  to  more  deference,  whether  you  consider  the 
soundness  of  his  judgment  in  all  that  relates  to  order 
and  arrangement,  or  the  great  experience  which  a 
lono-  and  most  successful  career  of  public  instruction 
has  necessarily  given  him. 
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I  have  begun  with  what  is  called  Organography 
(Book  I.)  ;  or  an  explanation  of  the  exact  structure  of 
plants  ;  a  branch  of  the  subject  which  comprehends 
all  that  relates  either  to  the  various  forms  of  tissue  of 
which  vegetables  are  constructed,  or  to  the  external 
appearance  their  elementary  organs  assume  in  a  state 
of  combination.  It  is  exceedingly  desirable  that 
these  topics  should  be  well  understood,  because  they 
form  the  basis  of  all  other  parts  of  the  science.  In 
physiology,  every  function  is  executed  through  the 
agency  of  the  organs  :  systematic  arrangements  de- 
pend upon  characters  arising  out  of  their  consider- 
ation  ;  and  descriptive  Botany  can  have  no  logical 
precision  without  the  principles  of  Organography 
are  first  exactly  settled.  A  difference  of  opinion 
exists  among  the  most  distinguished  botanists,  upon 
some  points  connected  with  this  subject,  so  that  it 
has  been  found  expedient  to  enter  occasionally  into 
much  detail,  for  the  purpose  of  satisfying  the  student 
of  the  accuracy  of  the  facts  and  reasonings  upon 
which  he  is  expected  to  rely. 

To  this  succeeds  Vegetable  Physiology  (Book 
II.)  ;  or  the  history  of  the  vital  phenomena  that  have 
been  observed  both  in  plants  in  general,  and  in  par- 
ticular species,  and  also  in  each  of  their  organs  taken 
separately.  It  is  that  part  of  the  science  which  has 
the  most  direct  bearing  upon  practical  objects.  Its 
laws,  however,  are  either  unintelligible,  or  suscep- 
tible of  no  exact  appreciation,  without  a  previous 
acquaintance  with  the  more  important  details  of  Or- 
ganography. Much  of  the  subject  is  at  present 
involved  in  doubt,  and  the  accuracy  of  some  of  the 
conclusions  of  physiologists  is  inferred  rather  than 
demonstrated  ;  so  that  it  has  been  found  essential 
that   the   grounds  of  the    more    popularly  received 
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opinions,  whether   admitted  as   true  or  rejected  as 
erroneous,  should  be  given  at  length. 

In  the  first  edition,  this  department  was  not  so 
complete  as  I  could  have  wished ;  in  the  present,  I 
have  been  enabled,  chiefly  by  the  aid  of  Professor 
De  CandoUe's  Physiologie,  to  extend,  and,  as  I  hope, 
to  improve  it  very  materially. 

Next  foUow^ed  in  the  first  edition  Taxonomy  :  or 
some  account  of  the  Principles  of  Classification  ;  — 
a  very  important  subject,  comprehending  not  only 
a  view  of  the  various  methods  of  arrangement  em- 
ployed by  botanists  in  their  systematic  works,  but  an 
explanation  of  the  principles  by  which  the  limits  of 
genera  and  species  are  determined.  It  also  shews 
the  mode  of  obtaining  a  correct  view  of  vegetation, 
of  conducting  the  examination  of  unknown  plants 
with  precision,  of  avoiding  errors  in  consequence  of 
accidental  aberrations  from  ordinary  structure,  and 
of  forming  a  just  estimate  of  the  mutual  relation 
that  one  part  of  the  vegetable  kingdom  bears  to 
another. 

But  in  the  present  edition  I  have  entirely  omitted 
this  book  :  firstly,  because  of  the  great  additions  that 
have  been  made  to  other  topics  ;  and,  secondly,  be- 
cause it  is  extensive  enough  to  form  a  work  by  itself 
The  whole  of  what  was  contained  in  this  part  of  the 
first  edition  will  be  found  incorporated  with  the  pre- 
fatory matter  of  the  second  edition  of  the  Introduction 
to  the  Natural  System  of  Botany,  now  in  preparation. 
After  this,  I  have  taken  Glossology  (Book  III.)  ; 
or,  as  it  was  formerly  called,  Terminology  ;  restrict- 
ing it  absolutely  to  the  definition  of  the  adjective 
terms,  which  are  eitlier  used  exclusively  in  Botany, 
or  which  are  employed  in  that  science  in  some  parti- 
cular and  unusual  sense.     The  key  to  this  book,  and 
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also  to  the  substantive  terms  explained  in  Organo- 
graphy, will  be  found  in  a  copious  index  at  the  end  of 
the  volume. 

These  topics  exhaust  the  science  considered  only 
with  reference  to  first  principles ;  there  are,  however, 
a  few  others  which  it  has  been  thought  advisable  to 
append,  on  account  of  their  practical  value.  These 
are,  firstly,  Phytography  (Book  IV.)  j  or,  an  ex- 
position of  the  rules  to  be  observed  in  describing  and 
naming  plants.  As  the  great  object  of  descriptions 
in  natural  history,  is  to  enable  every  person  to  recog- 
nise a  known  species,  after  its  station  has  been  dis- 
covered by  classification,  and  also  to  put  those  who 
have  not  had  the  opportunity  of  examining  a  plant 
themselves  into  possession  of  all  the  facts  necessary 
to  acquire  a  just  notion  of  its  structure  and  affinities  ; 
it  is  indispensable  that  the  principles  of  making 
descriptions  should  be  clearly  understood,  both  to 
prevent  their  being  too  general  to  answer  the  intended 
purpose,  or  more  prolix  than  is  really  requisite.  It 
is  the  want  of  a  knowledge  of  these  rules  that  renders 
the  short  descriptions  of  the  classical  writers  of  an- 
tiquity, and  the  longer  ones  of  many  a  modern  tra- 
veller, equally  vague  and  unintelligible.  In  this 
j)lace  are  inserted  a  few  notes  upon  the  formation  of 
an  herbarium. 

After  this,  has  been  introduced  (Book  V.)  a  sum- 
mary of  the  little  which  is  known  of  the  laws  that 
regulate  the  distribution  of  plants  upon  the  surface  of 
tiie  earth  ;  a  question  which,  however  indefinite  and 
unsatisfactory  our  information  may  at  present  be,  has 
begun  to  assume  such  an  appearance  as  to  justify  the 
expectation,  tliat  future  discoveries  will  explain  the 
causes  of  the  characters  of  vegetation  being  deter- 
mined, as  they  surely  are,  by  climate. 


PREFACE.  IX 

Finally,  the  work  is  concluded  by  an  exposition  of 
what  is  called  Morphology  ;  a  subject  which  is  in 
the  vegetable,  what  Comparative  Anatomy  is  in  the 
animal  kingdom,  and  which  is  by  far  the  most  im- 
portant branch  of  study  after  Elementary  Anatomy 
and  Vegetable  Physiology.  Organography  itself  is 
in  all  respects  an  exposition  of  the  doctrines  of  Mor- 
phology ;  but  the  novelty  of  the  subject,  and  a  per- 
suasion that  it  would  be  better  understood  if  treated 
separately,  has  induced  me  to  make  it  the  subject  of 
particular  consideration.  Unknown  before  the  time 
of  Linnaeus,  and  first  placed  in  its  true  light  by  the 
venerable  poet  Gothe,  it  lay  neglected  for  nearly 
thirty  years,  until,  having  been  revived  by  Du  Petit 
Thouars,  De  Candolle,  Brown,  and  others,  it  has 
come  to  be  considered  the  basis  of  all  scientific 
knowledge  of  vegetable  structure. 

It  has  been  my  wish  to  bring  every  subject  that  I 
have  introduced  down,  as  nearly  as  possible,  to  the 
state  in  which  it  is  found  at  the  present  day.  And 
I  have  in  reality  added  a  very  considerable  quantity 
of  new  matter  to  the  present  edition,  which  has  passed 
so  rapidly  through  the  press,  that  it  may  be  considered 
an  exposition  of  the  state  of  Botany  up  to  Christmas 
1834',  and  in  some  respects  up  to  the  present  day. 

In  the  statements  I  have  made,  I  have  uniformly 
endeavoured  to  render  due  credit  to  all  persons  for 
tb.e  discoveries  by  which  they  may  severally  have 
contributed  to  the  advancement  of  the  science ;  and 
if  I  have  on  any  occasion  either  omitted  to  do  so,  or 
assumed  to  myself  observations  which  belong  to 
others,  it  has  been  unknowingly  or  inadvertently.  It 
is,  however,  impracticable,  and  if  practicable  it  would 
not  be  worth  while,  to  remember  upon  all  occasions 
from  what  particular  sources  information  may  have 
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been  derived.  Discoveries,  when  once  communi- 
cated to  the  world,  become  pubHc  property  :  they 
are  thrown  into  the  common  stock  for  mutual  benefit; 
and  it  is  only  in  the  case  of  debatable  opinions,  or 
of  any  recent  and  unconfirmed  observations,  that  it 
really  interests  the  world  that  authorities  should  be 
quoted  at  all.  In  the  language  of  a  highly  valued 
friend,  when  writing  upon  another  subject:  —  *'  The 
advanced  state  of  a  science  is  but  the  accumulation 
of  the  discoveries  and  inventions  of  many :  to  refer 
each  of  these  to  its  author  is  the  business  of  the 
history  of  science,  but  does  not  belong  to  a  work 
which  professes  merely  to  give  an  account  of  the 
science  as  it  is :  all  that  is  generally  acknowledged 
must  pass  current  from  author  to  author."  * 

London,  Aug.  1 .  1 835. 

*  Brett's  Principles  of  Astronomy,  p.  v. 
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organography;  or,  of  the  structure  of  plants. 


CHAPTER  I. 

OF    THE    ELEMENTARY    ORGANS. 

If  plants  are  considered  with  reference  to  their  internal 
organization,  they  appear  at  first  sight  to  consist  of  a  vast 
multitude  of  exceedingly  miiuite  cavities,  separated  by  a 
membranous  substance ;  more  exactly  examined,  it  is  found 
that  these  cavities  have  a  variety  of  different  figures,  and 
that  each  is  closed  up  from  those  that  surround  it ;  if  the 
inquuy  is  carried  still  farther,  it  will  be  discovered  that  the 
partitions  between  the  cavities  are  all  double,  and  that  by 
maceration  in  water,  or  by  other  methods,  the  cavities  with 
their  enclosing  membrane  may  be  separated  from  each  other 
into  distinct  bodies.  These  bodies  constitute  what  is  called 
Vegetable  Tissue,  or  Elementary  Organs :  they  are  the  Simi- 
lary  parts  of  Grew ;  the  Tissu  organique  of  Mirbel ;  and  the 
Parties  elementaires,  or  Parties  similaires,  of  De  Candolle. 

Tlie  chemical  basis  of  the  elementary  organs  has  been 
found  to  be  oxygen,  hydrogen,  and  carbon,  with  occasionally 
a  little  nitrogen  or  azote,  combined  in  various  proportions : 
their  organic  basis  is  membrane  and  fibre.  The  latter  only 
are  here  to  be  considered. 
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It  is  the  opinion  of  some  that  membrane  only  is  the  basis  of 
the  tissue  of  plants,  and  that  fibre  is  itself  a  form  of  mem- 
brane. But  as  we  find  both  developed  in  many  of  the  most 
imperfectly  organized  plants,  such  as  Scleroderma  and  other 
fungi,  and  as  it  is  difficult  to  conceive  how  that  can  be  a 
mere  modification  of  membrane  which  is  generated  inde- 
pendently of  it,  which  has  no  external  resemblance  to  it,  and 
which  is  obviously  something  superadded,  it  will  be  better  to 
consider  both  membrane  and  fibre  as  the  organic  bases  of 
vegetable  tissue,  rather  than  the  former  only. 

The  membrane  varies  in  its  degree  of  transparency,  being 
occasionally  so  exceedingly  thin  as  to  be  scarcely  discover- 
able, except  by  the  little  particles  that  stick  to  it,  or  by  its 
refraction  of  light,  and  sometimes  having  a  perceptible  green 
colour,  and  a  thickness  which  is  considerable  if  compared 
with  the  diameter  of  the  cavity  it  encloses.  It  is  always  ex- 
cessively thin  when  first  generated ;  and  whatever  thickness  it 
afterwards  acquires  must  be  supposed  to  be  owing  to  the 
incorporation  or  incrustation  of  secreted  matter.  This  is 
I'epresented  by  Mohl  to  take  place  in  Palm-trees  by  the  succes- 
sive addition  of  strata  to  the  lining  of  the  cavities  of  the  cells ; 
but  this  requires  verification. 

It  generally  tears  readily,  as  if  its  component  atoms  do  not 
cohere  with  greater  force  in  one  direction  than  another ;  but 
I  have  met  with  a  remarkable  instance  to  the  contrary  of  this 
in  Bromelia  nudicaulis,  in  which  the  membrane  of  the  cuticle 
breaks  into  little  teeth  of  nearly  equal  width  when  torn. 
(Plate  I.  fig.  6.)  Hence  it  maybe  conjectured,  that  what  we 
call  primitive  membrane  is  itself  the  result  either  of  primitive 
fibres  completely  consolidated,  or  of  molecules  originally  dis- 
posed in  a  spiral  direction,  as  Raspail  supposes.  {Chim.  Org. 
p.  85.) 

It  is  in  all  cases  destitute  of  visible  pores ;  although,  as  it  is 
readily  permeable  by  fluids,  it  must  necessarily  be  furnished 
with  invisible  passages.  An  opinion  to  the  contrary  of  this 
has  been  held  by  some  botanists,  who  have  described  the 
existence  of  holes  or  pores  in  the  membrane  of  tissue,  and 
have  even  thought  they  saw  a  distinct  rim  to  them ;  but  this 
idea,  Mhich  probably  originated  in  imperfect  observation  with 
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ill-constructed  glasses,  is  now  generally  abandoned.  The 
supposed  pores,  with  their  rim,  have  been  ascertained  to  be, 
in  many  cases,  nothing  but  grains  of  semi-transparent  matter 
sticking  to  the  membrane  :  this  has  been  proved  by  Dutrochet, 
who  found  that  boiling  them  in  hot  nitric  acid  rendered  them 
opaque,  and  that  dipping  them  in  a  solution  of  caustic  potash 
restored  their  transparency, — a  property  incompatible  with  a 
perforation ;  and  any  one  furnished  \nth  a  good  modern 
miscroscope  may  satisfy  himself  upon  the  point,  without 
going  through  Dutrochet's  process;  by  simple  movement  in 
water  the  grains  may  be  often  detached.  In  other  cases 
they  may  be  thin  spaces  in  the  sides  of  tissue,  such  as  might 
be  produced  by  the  adhesion  and  separation  at  regular  inter- 
vals of  a  thread  developed  spirally  witliin  a  membranous  sac. 
Such  a  view  has  been  taken  of  them  by  Slack  {Trails. 
Soc.  Arts,  xlix.),  as  will  be  explained  at  page  16.  A  nearly 
similar  opinion  was  previously  offered  by  Mohl,  who  considers 
the  dots  on  the  membrane  of  tissue  to  be  thinner  portions  of 
it.  He  says  it  may  be  distinctly  seen  by  the  aid  of  a  power- 
ful microscope  that  the  little  round  orbs  which  are  visible  in 
the  surface  of  membranes  in  the  tissue  of  Palm-trees  are  pas- 
sages (meatus)  in  the  thickness  of  the  membrane,  opening 
into  the  cavity  of  the  cells,  and  closed  externally  by  the  mem- 
brane itself  He  adds,  that  when  dotted  tissue  is  in  contact, 
these  passages  are  placed  exactly  opposite  to  each  other.  {Mar- 
tins Palm.  Anat.  v.  col.  2.)  In  matters  demanding  such  very 
delicate  observation  as  this,  it  is  excessively  difficult  to  know 
what  dependence  can  be  placed  upon  the  statements  and  di^aw- 
ings  of  even  the  most  skilful  anatomists.  We  must  therefore 
wait  for  further  e\adence  of  these  supposed  facts  before  they 
can  be  received  into  the  certain  truths  of  science.  It,  however, 
occasionally  happens  that  holes  do  exist  in  the  membrane,  of 
which  mention  will  be  made  hereafter. 

Elementari/  Fibre  may  be  compared  to  hair  of  inconceivable 
fineness,  its  diameter  often  not  exceeding  the  ts^jtt  of  an  inch. 
It  has  frequently  a  greenish  col  om',  but  is  more  commonly  trans- 
parent and  colourless.  It  appears  to  be  sometimes  capable 
of  extension  with  the  same  rapidity  as  the  membrane  among 
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which-  it  hes,  and  to  which  it  usually  adheres;  but  occasionally 
elongates  less  rapidly,  when  it  is  broken  into  minute  portions, 
and  is  carried  along  by  the  growing  membrane.  In  direction 
it  is  variable  (Plates  I.  and  II.);  sometimes  it  is  straight, 
and  attains  a  considerable  length,  as  in  some  fungi;  some- 
times it  is  short  and  straight,  but  hooked  at  the  apex,  as  in  the 
lining  of  the  antlier  of  Campanula ;  occasionally  it  is  straight, 
and  adheres  to  the  side  of  membrane,  as  in  the  same  part 
in  Digitalis  piu'purea ;  but  its  most  common  direction  is  spiral. 
Whether  it  is  solid  or  hollow  has  not  been  fully  demonstrated ; 
Purkinje  asserts  that  it  is  hollow,  as  will  be  hereafter  men- 
tioned; but  there  can  be  no  doubt  that  it  is  also,  at  least 
sometimes,  solid,  as  in  the  fibrous  bladders  of  the  leaf  of  Onci- 
dium  altissimum;  it  is  the  opinion  of  many  that  it  is  hollow 
in  the  case  of  spiral  vessels.  I^lementary  Fibre  has  a  constant 
tendency  to  anastomose,  in  consequence  of  which  reticulated 
appearances  are  frequently  found  in  tissue.  Slack  adds  that 
it  sometimes  branches. 

Tlie  forms  under  w^iich  the  elementary  organs  are  seen  are, 
1.  Cellular  tissue;  2.  Woody  tissue;  and,  3.  Vascular  tissue. 

It  is  almost  certain  that  all  these  forms  are  in  real  it}' modifica- 
tions of  one  common  type,  namely,  the  simple  cell,  however 
different  they  may  be  from  each  other  in  station,  function,  or 
appearance.  For,  in  the  first  place,  we  find  them  all  developed 
in  bodies  that  originally  consisted  of  nothing  but  cellular  tissue ; 
a  seed,  for  instance,  is  an  aggregation  of  cells  only;  after  its 
vital  principle  has  been  excited,  and  it  has  begun  to  grow,  woody 
tissues  and  vessels  are  generated  in  abundance.  We  must,  there- 
fore, eithei-  admit  that  all  forms  of  tissue  are  developed  from  the 
simple  cell,  and  are  consequently  modifications  of  it ;  or  we  must 
suppose,  what  we  have  no  right  to  assume,  that  plants  have  a 
power  of  spontaneously  generating  woody  and  vascular  tissue 
in  the  midst  of  the  cellular.  Mirbel  has  lately  reduced  the  first 
of  these  suppositions  to  very  nearly  a  demonstration ;  in  a 
most  admirable  memoir  on  the  developement  of  Marchantia  he 
speaks  to  the  following  eifect.  '  I  at  first  found  nothing  but  a 
mass  of  tissue  composed  of  bladders  filled  with  litde  green  balls. 
Of  these  some  grew  into  long  slender  tubes,  pointed  at  each 
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end,  and  unquestionably  adhering  by  one  of  their  ends  to  the 
inside  of  the  sac ;  others  from  polygons  passed  to  a  spherical 
form  in  rounding  off  their  angles.     As  they  grew  older,  odier 
very  important  changes  took  place  in  certain  cells  of  the  ordi- 
nary structure,  which  had  not  previously  undergone  any  alter- 
ation :  in  each  of  these  there  appeared  three  or  four  rings 
placed  parallel  with  each  other,  adhering  to  the  membrane, 
from   wliich  diey    were  distinguished    by  tlieir    opaqueness; 
these  were  altogether  analogous  to  annular  ducts.     The  cells 
become  tubes  did  not  at  first  differ  from  other  cells  in  any 
thing  except  their  form ;  their  sides  were  uniform,  thin,  colour- 
less,'and  transparent;  but  they  soon  began  to  thicken,  to  lose 
their  transparency,  and  to  be  marked  all  round  from  end  to 
end  with   two  contiguous  parallel    streaks  disposed  spirally. 
They  then  enlarged,  and  their  streaks  became  slits  which  cut 
the  sides  of  the  tubes  from  end  to  end  into  two  threads,  whose 
circumvolutions  separated   into  the  resemblance    of  a  gun- 
worm.'     In  these  cases  there  can,  I  think,  be  little  doubt  that 
the  changes  witnessed  by  Mirbel  were  chiefly  owing  to  the 
developementof  a  spiral  thread  in  the  inside  of  the  tissue;  he, 
however,  did  not  consider  it  in  that  light. 

But  however  clearly  the  origin  of  the  different  forms  of  tissue 
may  be  shown  to  be  identical,  it  is  obviously  important  to  dis- 
tinguish them  for  practical  purposes.  I  shall  therefore  pro- 
ceed henceforward  to  speak  of  them  as  if  they  were  totally 
distinct  in  their  origin. 


Sect.  I.     Of  Cellular   Tissue. 

Cellular,  Utricular,  or  Vesicular  tissue,  generally,  con- 
sists of  little  bladders  or  vesicles  of  various  figures,  adhering 
together  in  masses.  Occasionally  it  seems  to  be  composed  of 
fibre  only,  unconnected  by  membrane.  It  is  transparent,  and 
in  all  cases  colourless:  when  it  appears  otherwise,  its  colour  is 
caused  by  matter  contained  within  it. 

If  a  thin  slice  of  the  pith  of  elder,  or  any  other  plant,  be 
examined  with  a  microscope,  it  will  be  found  to  have  a  sort  of 
honeycomb  appearance,  as  if  there  were  a  number  of  hexagonal 
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cavities,  separated  by  partitions  {fig.  1.).  These  little  cavities 
are  the  inside  of  bladders  of  cellular  tissue ;  and  the  partitions 
are  caused  by  the  cohesion  of  their  sides,  as  may  be  easily 
proved  by  boiling  the  pidi  a  short  time,  when  the  bladders 
readily  separate  from  each  other.  In  pulpy  fruits,  or  in  those 
which  have  their  cellular  tissue  in  a  loose  dry  state  when  ripe, 
the  bladders  may  be  readily  separated  from  each  other  without 
boiling.  It  was  formerly  thought  that  cellular  tissue  might  be 
compared  to  the  air  bubbles  in  a  lather  of  soap  and  water  ; 
while  by  some  it  has  been  supposed  to  be  formed  by  the 
doublings  and  foldings  of  a  membrane  in  various  directions. 
On  both  these  suppositions,  the  partitions  between  the  cells 
would  be  simple,  and  not  composed  of  two  membranes  in  a 
state  of  cohesion;  but  the  facility  with  which,  as  has  just  been 
stated,  the  cellules  may  be  separated,  sufficiently  disproves 
these  opinions.  It  is  probable,  however,  that  although  the 
double  nature  of  the  partitions  in  cellular  tissue  may  be 
demonstrated,  yet  that  the  cellules  usually  grow  so  firmly 
together,  that  their  sides  really  form  in  their  union  but  one 
membrane. 

The  bladders  of  cellular  tissue  are  destitute  of  all  perforation  or 
visible  pores,  so  that  each  is  completely  closed  up  from  its  neigh- 
bour, as  far  as  we  can  see ;  although,  as  they  have  the  power' of 
filtering  fluids  with  rapidity,  it  is  certain  that  they  must  abound 
m  nivisible  pores,  and  that  they  are  not  impermeable,  as  if  they 
were  made  of  glass.  An  opinion  diiferent  from  this  has  been 
and  is  still  entertained  by  some  observers,  who  have  described 
and  figured  perforations  of  the  membrane  in  various  plants 
Mnbel  states  that  "  the  sides  of  the  bladders  are  sometimes 
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riddled  full  of  holes  (/y.2.),  the  aperture  of  which 
does  not  exceed  the  -J,o  of  a  millimetre  (or  of 
half  a  line)  ;  or  are  less  frequently  pierced  with 
transverse  slits,  which  are  occasionally        ^ 
so  numerous  as  to  transform  the  bladders 
into  a  real  articulated  tissue,  as  in  the 
pith  of  the  Nelumbium  {fi(j.  3.)."  This 
,j^„^  statement  is  now  well  known  to  have 

been  founded  upon  inaccurate  observation ;  what  the 
supposed  pores  really  are  has  already  been  explained.      (See 

^  With  reference  to  this  subject,  it  maybe  also  observed,  that 
the  bladders  often  contain  air-bubbles,  which  appear  to  have 
no  direct  means  of  escape,  and  that  the  limits  of  colour 
are  often  very  accurately  defined  in  petals,  as,  for  mstance,  in 
the  stripes  of  tulips  and  carnations,  which  could  not  be  the 
case  if  cellular  tissue  were  perforated  by  such  holes  as  have 
been  described;  for  in  that  case  colours  would  necessarily  run 

together.  ,  .  i     t 

One  of  the  most  striking  instances  with  which  I  am  ac- 
quainted, of  ceUidar  tissue  having  the  appearance  of  pores,  is 
in  Calycanthus,  where  it  was  pointed  out  to  me  by  Mr.  Ya- 
renne.  (Plate  I.  fig.  1.)  But  even  in  this,  a  carefid  ex- 
amination ^^-ith  glasses  of  different  magnifying  powers  shows 
that  the  apparent  pores  are  certainly  not  such,  but  composed  ot 
a  solid  substance,  which  may  be  distinctly  seen  by  varying  the 
direction  of  the  rays  of  the  transmitted  light  with  which  it 
is  viewed.  Sometimes  they  appear  like  luminous  points  ;  by 
a  little  alteration  of  light  they  acquire  a  browmsh  tint;  and  it 
seen  with  the  highest  powers  of  a  compound  microscope,  where 
there  is  a  great  loss  of  light,  they  become  perfectly  opaque. 

Cellular  tissue  is  always  transparent  and  colourless,  or  at 
most  only  slightly  tinged\vith  green.  The  brilliant  colours 
of  vecretable  matter,  the  white,  blue,  yellow,  scarlet,  and  other 
hues  "of  the  corolla,  and  the  green  of  the  bark  and  leaves  is 
not  owang  to  any  difference  in  the  colour  of  the  bladders,  but 
to  colouiing  matter  of  different  kinds  which  they  contam. 
In  the  stem  of  the  Garden  Balsam  (Impatiens  balsamma),  a 
single  cell  is  frequently  red  in  the  midst  of  others  that  are 
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colourless.  Examine  the  red  bladder,  and  you  will  find  it 
filled  with  a  colouring  matter  of  which  the  rest  are  destitute. 
The  bright  satiny  appearance  of  many  richly  coloured  flowers 
depends  upon  the  colourless  quality  of  the  tissue.  Thus,  in 
Thysanotus  fascicularis,  the  flowers  of  which  are  of  a  deep 
bi-illiant  violet,  with  a  remarkable  satiny  lustre,  that  appear- 
ance will  be  found  to  arise  from  each  particular  cell  containing 
a  single  di'op  of  coloured  fluid,  which  gleams  through  the 
white  shining  membrane  of  the  tissue,  and  produces  the  flick- 
ering lustre  that  is  perceived.  Colouring  matter  of  the  cellular 
tissue  is  frequently  fluid,  but  is  in  the  leaves  and  other  parts 
more  commonly  composed  of  granules  of  various  sizes :  this  is 
particularly  the  case  in  all  green  parts ;  in  which  the  granules 
lie  amongst  greenish  liquid,  the  latter  of  which,  as  the  cells 
grow  older,  dries  up,  while  the  granules  themselves  gradually 
change  to  olive  green,  and  finally  to  brown. 

Kieser  distinguishes  three  sorts  of  globules  among  tissue  : 
—  1.  Round  extremely  transparent  bodies,  of  a  more  or  less 
regular  figure,  found  principally  in  young  plants  and  in  coty- 
ledons, and  soluble  in  boiling  water ;  it  is  these  that  constitute 
starch  or  faecula.  2.  Globules  of  a  small  size,  a  more  irre- 
gular figure,  and  coloured  either  gi'een  or  some  other  tint. 
They  are  not  soluble  in  water,  but  are  so  in  alcohol ;  but 
when  dissolved,  their  matter  is  not  precipitated  by  the  addition 
of  water,  on  which  account  they  are  distinguishable  from 
resinous  substances.  3.  Extremely  small  round  bodies,  vary- 
ing in  colour,  and  found  floating  in  the  proper  juices  of 
vegetables. 

The  fix'st  mentioned  granules  are  v/hat  Turpin  calls  Globu- 
line.  He  believes  them  to  be  young  cellules,  and  that  it  is 
from  them  that  new  tissue  is  developed.  Tliere  does  not, 
however,  appear  to  be  any  sufficient  evidence  of  this,  which 
must  be  considered  at  present  mere  hypothesis.  It  has,  how- 
ever, been  substantially  adopted  by  Raspail,  who  asserts  that 
each  such  granule  has  a  point  of  attachment,  by  which  it  ad- 
lieres  to  the  lining  of  its  mother  cell  ;  that  it  is  by  the 
developement  of  such  granules  and  their  mutual  pressure  that 
cellular  tissue  is  produced;  and  that  all  the  varied  forms 
assumed  by  the  organs  of  p'ants  may  be  explained  by  refer- 
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ence  to  this  principle.  He  further  supposes,  that  each  such 
granule  is  one  of  the  elementary  molecules  of  the  membrane  of 
the  tissue,  in  a  state  of  developement.  Those  who  are  curious 
to  know  the  exact  nature  of  these  speculations,  should  consult 
the  memoir  of  Turpin,  in  the  Memoires  du  Museum^  vol.  xviii. 
p.  212.,  and  Raspail's  Nouveau  Systime  de  Chimie  Oi'ganique, 
p.  83.  The  mode  in  which  cellular  or  any  other  tissue  is  really 
formed  has  been  clearly  made  out  in  two  separate  cases. 
Amici  found  that  the  new  tubes  of  Chara  appear  like  young 
buds,  from  the  points  or  axils  of  pre-existing  tubes,  an  ob- 
servation which  has  been  confirmed  by  Slack.  It  has  been 
distinctly  proved  by  Mirbel  that  the  same  thing  occurs  in  the 
case  of  Marchantia  polymorpha.  That  learned  botanist,  in 
the  covu'se  of  his  enquiries  into  the  structure  of  this  plant, 
may  be  said  to  have  assisted  at  the  birth  of  its  cellular  tissue ; 
and  he  found  that  in  all  cases  one  tube  or  utricle  generated 
another,  so  that  sometimes  the  membranes  of  newly-formed 
tissue  had  the  appearance  of  knotted  or  branched  cords.  He 
satisfied  himself  that  new  parts  are  formed  by  the  generative 
power  of  the  first  utricle,  which  spontaneously  engenders  others 
endowed  with  the  same  property. 

The  bladders  develope,  in  some  cases,  v^'ith  great  rapidity.  I 
have  seen  Lupinus  polyphyllus  grow  in  length  at  the  rate  of  an 
inch  and  a  half  a  day.  The  leaf  of  Urania  speciosa  has  been 
found  by  Mulder  to  lengthen  at  the  rate  of  from  one  and  a 
half  to  three  and  a  half  lines  per  hour,  and  even  as  much  as  from 
four  to  five  inches  per  day.  This  may  be  computed  to  equal 
the  developement  of  at  least  4000  or  5000  bladders  per  hour. 
But  the  most  remarkable  instances  of  this  sort  are  to  be  found 
in  the  mushroom  tribe,  which  in  all  cases  develope  with  sur- 
prising rapidity.  It  is  stated  by  Junghuns,  that  he  has  known 
the  Bovista  giganteum,  in  damp  warm  weather,  grow  in  a 
single  night  from  the  size  of  a  mere  point  to  that  of  a  huge 
gourd.  We  are  not  further  informed  of  the  dimensions  of  this 
specimen ;  but  supposing  its  cellules  to  be  not  less  than  the 
^ J-Q  of  an  inch  in  diameter,  and  I  suspect  they  are  nearer  the 
^00,  it  may  be  estimated  to  have  consisted,  when  full  grown, 
of  about  47,000,000,000  cellules;  so  that,  supposing  it  to  have 
gained  its  size  in  the  course  of  twelve  hours,  its  bladders  must 
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have  developed  at  the  rate  of  near  4,000,000,000  per  hour, 
or  of  more  than  sixty-six  milhons  in  a  minute. 

The  bladders  of  cellular  tissue  are  always  very  small,  but  are 
exceedingly  variable  in  size.  The  largest  are  generally  found 
in  the  gourd  tribe  (Cucurbitaceae),  or  in  pith,  or  in  aquatic 
plants ;  and  of  these  some  are  as  much  as  the  -^l  of  an  inch  in 
diameter ;  the  ordinary  size  is  about  the  ^^o  or  the  3^1^,  and 
they  are  sometimes  not  more  than  the  toVtj'  Kieser  has 
computed  that  in  the  garden  pink  more  than  5100  are  con- 
tained in  half  a  cubic  line. 

Cellular  tissue  is  found  in  three  essentially  different  states, 
the  membranous,  the  Jibrousy  and  the  vasiform. 

Membranous  Cellular  Tissue  is  that  in  which  the  sides 
consist  of  membrane  only,  without  any  trace  of  fibre ;  it  is 
the  most  common,  and  was,  till  lately,  supposed  to  be  the 
only  kind  that  exists.  This  sort  of  tissue  is  to  be  considered 
the  basis  of  vegetable  structure,  and  the  only  form  indispens- 
able to  a  plant.  Many  plants  consist  of  nothing  else ;  and 
in  no  case  is  it  ever  absent.  It  constitutes  the  whole  of  Mosses, 
Algae,  Fungi,  Lichens,  and  the  like;  it  forms  all  the  pulpy 
parts,  the  parenchyma  of  leaves,  the  pith,  medullary  rays,  and 
principal  part  of  the  bark  in  the  stem  of  Exogens,  the  soft 
substance  of  the  stem  of  Endogens,  the  delicate  membranes  01 
flowers  and  their  appendages,  and  both  the  hard  and  soft  parts 
of  fruits  and  seeds. 

It  appears  that  the  spheroid  is  the  figure  which  should  be 
considered  normal  or  typical  in  this  kind  of  issue ;  for  that  is 
the  form  in  which  bladders  are  always  found  when  they  are 
generated  separately,  without  exercising  any  pressure  upon 
each  other ;  as,  for  example,  is  visible  in  the  leaf  of  the  white 
lily,  and  in  the  pulp  of  the  strawberry  or  of  other  soft  fruits, 
or  in  the  dry  berry  of  the  jujube.  All  other  forms  are  con- 
sidered to  be  caused  by  the  compression  or  extension  of  such 
spheroids. 

When  a  mass  of  spheroidal  bladders  is  pressed  together 
equally  in  all  directions,  rhomboidal  dodecahedi'ons  are  pro- 
duced, which,  if  cut  across,  exliibit  the  appearance  of  hexa- 
gons.   (Plate  I.  fig.  12.)     This  is  the  state  in  wliich  the  tissue 


CHAP.  I.  CELLULAR    TISSUE.  11 

is  found  in  the  pith  of  all  plants ;  and  the  rice  paper,  sold  in 
the  shops  for  making  artificial  flowers,  and  for  drawing  upon, 
which  is  really  the  pith  of  a  Chinese  plant,  is  an  excellent 
illustration  of  it.  If  the  force  of  extension  or  compression  be 
greater  in  one  direction  than  another,  an  endless  variety  of 
forms  is  produced,  of  which  the  following  are  the  most  worth 
noticing :  — 

1.  The  oblong ;  in  the  stem  of  Orchis  latifolia,  and  in  the 
inside  of  many  leaves.     (Plate  I.  fig.  9.) 

2.  Tlie  lobecl  (Plate  I.  fig.  2.y);  in  the  inside  of  the  leaf  of 
Nuphar  luteum,  Lilium  candidum,  Vicia  Faba,  &c. :  in  this 
form  of  cellular  tissue  the  vesicles  are  sometmies  oblong  with 
a  sort  of  leg  or  projecting  lobe  towards  one  end ;  and  some- 
times irregularly  triangular,  with  the  sides  pressed  in  and  the 
angles  truncated.  They  are  well  represented  in  the  plates  of 
Adolphe  B]"ongniart's  memoir  upon  the  organisation  of  Leaves, 
in  the  Annates  des  Sciences,  vol.  xxi. 

3.  The  square;  in  the  cuticle  of  some  leaves,  in  the  bark  of 
many  herbaceous  plants,  and  frequently  in  pith.     (Plate  I. 

fig- 13.) 

4.  The  pj'ismatical ;  in  some  pith,  in  liber,  and  in  the  vici- 
nity of  vessels  of  any  sort.     (Plate  I.  fig.  6.) 

5.  The  cylindrical  (Plate  I.  fig.  8.  a);  in  Chara;  this  has 
been  seen  by  Amici  so  large,  that  a  single  bladder  measured 
four  inches  in  length  and  one  third  of  a  line  in  diameter. 
(Ann.  des  Sciences,  vol.  ii.   p.  246.) 

6.  The  fusiform  or  the  oblong  pointed  at  each  end;  in 
wood,  and  in  the  membrane  that  surrounds  the  seed  of  a 
Gourd.  These  are  what  Dutrochet  calls  clostres.  (Plate  II. 
fig.  19.  8.;  Plate  I.  fig.  5.) 

7.  The  muriform;  in  the  medullary  rays.  Tliis  consists  of 
prismatical  bladders  compressed  between  woody  fibre  or 
vessels,  with  their  principal  diameter  horizontal,  and  in  the 
direction  of  the  radii  of  the  stem.  It  is  so  arranged  that 
when  viewed  laterally  it  resembles  the  bricks  in  a  wall; 
whence  its  name.     (Plate  I.  fig.  7.) 

8.  The  compressed;  in  the  cuticle  of  all  plants.  Here  the 
bladders  are  often  so  compressed  as  to  appear  to  be  only  a 
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single  membrane.     (Plate  I.  fig.  2.  a;   Plate  III.  fig.  3,  4, 
he.) 

9.  The  sinuous;  in  the  cuticle,  and  also  sometimes  beneath 
it,  as  in  the  leaf  of  Lilium  candidum.      (Plate  III.  fig.  5.) 

Cellular  tissue  is  frequently  called  Parencliyma.  Professor 
Link  distinguishes  Parenchyma  from  Prosenchyma  ;  referring 
to  the  former  all  tissue  in  which  the  bladders  (Plate  I.  fig.  1. 
3.  6,  7,  &c.)  have  truncated  extremities;  and  to  the  latter, 
forms  of  tissue  in  which  the  bladders  taper  to  each  end,  and, 
consequently,  overlap  each  other  at  their  extremities.  ( Plate  II. 
fig.  8.  19.)  ' 

FiBRO-cELLULAU  TissuE  is  that  in  which  the  sides  are 
composed  either  of  both  membrane  and  fibre  together,  or  of 
fibre  only. 

It  is  only  lately  that  this  kind  has  been  recognised.  The 
first  observation  with  which  I  am  acquainted  is  that  of  Mol- 
denhauer,  who,  in  1779,  described  the  leaves  of  Sphagnum  as 
marked  by  fibres  twisted  spirally.  (Fig.  1.  a,  p.  6.)  Link 
afterwards  stated,  that  the  supposed  fibres  were  nothing  but 
the  lines  where  small  cells  contained  in  a  larger  one  unite  to- 
gether; and  his  opinion  was  received.  It  is  nevertheless  cer- 
tain, that  the  tissue  of  Sphagnum  is  as  Moldenhauer  described 
it.  In  November,  1827,  I  described  the  tissue  of  Maurandva 
Barclayana  as  consisting  of  bladders  formed  of  spiral  threads 
crossing  each  other,  interlaced  from  the  base  to  the  apex,  and 
connected  by  a  membrane.  A  few  other  solitary  cases  of  this 
kind  of  tissue  had  subsequently  been  observed  when  the  ad- 
mirable investigation  of  a  modern  anatomist  suddenly  threw 
an  entirely  new  light  upon  the  subject. 

Instead  of  being  very  rare,  cellular  tissue  of  this  kind 
appears  to  be  found  in  various  parts;  it  has  been  already 
mentioned  as  existing  in  the  leaves  of  Sphagnum ;  it  is  also 
found  in  the  pith  of  Rubus  odbratus.  I  originally  discovered 
it  in  the  parenchyma  of  the  leaves  of  Oncidium  altissimum, 
and  in  the  coat  of  various  seeds.  Mr.  Griffith  has  detected 
it  abundantly  in  the  aerial  roots  of  Orchideous  plants,  observ- 
ations since  confirmed  by  Brown ;  and  Pvu'kinje  has  shown, 
by  a  series  of  excellent  observations   and  drawings,  that  it 
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constitutes  the  lining  of  the  valves  of  almost  all  anthers.  Tlie 
forms  under  which  it  exists  in  these  parts  are  far  more  various 
than  those  of  membranous  cellular  tissue.  The  principal 
varieties  are  these :  — 

A.  Membrane  and  Fibre  combined. 

1.  Fibres  twisted  spirally,  adhering  to  a  spheroidal  or  angu- 
lar membrane,  and  often  anastomosing  irregularly,  without  the 
spires  touching  each  other.  (Plate  I.  fig.  12.)  This  is  what 
is  found  in  Oncidium  altissimum  leaves,  in  the  aerial  roots  of 
some  Orchideous  plants,  in  the  lining  of  many  anthers,  and  is 
what  Mohl  has  figured  ( Ueber  die  Poren,  Sj-c.  tab.  i.  fig.  9.), 
from  the  pith  of  Rubiis  odoratus.  It  approaches  very  nearly 
to  the  nature  of  spiral  vessels,  hereafter  to  be  described,  and 
appears  only  to  be  distinguishable  by  the  spires  of  the  fibres 
not  being  in  contact,  being  incapable  of  unrolling,  having  no 
elasticity  or  tenacity;  and  by  the  bladders  not  being  cylindri- 
cal and  tapering  to  each  end,  but  spheroidal. 

2.  Fibres  crossing  each  other  spirally,  and  forming  a  reti- 
culated appearance  by  their  anastomosing  within  oblong  blad- 
ders. Of  this  nature  are  the  reticulated  cells  of  the  seed-coat 
of  Maura  ndya  Barclayana,  Wightia  gigantea,  and  the  like. 
(Plate  I.  fig.  11.) 

3.  Fibres  running  spirally  close  together,  except  at  certain 
-places  where  they  separate  and  leave  between  them  small 
spaces,  which  appear  like  dots. 

4.  Fibres  running  spirally,  but  completely  grown  together 
except  at  certain  spaces  where  they  separate  and  leave  small 
dot-like  spaces.  This  and  the  last  have  been  noticed  by  Mr. 
Valentine  in  Orchideous  plants,  and  have  been  extremely 
well    figured   by    Slack.       {Trans.  Soc.  Arts,  vol.  xiix.  t.  6. 

/  5,  6.) 

5.  Fibres  running  straight  along  the  sides  of  truncated 
cylindrical  cells  in  the  anthers  of  Calla  aethiopica  and  many 
other  plants.     (Plate  I.  fig.  13.) 

6.  Fibres  running  transversely  in  parallel  lines  round  three 
of  the  sides  of  prismatical  right-angled  cells,  in  the  anthers 
of  Nymphaeaceae,  &c. 
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7.  Fibres  very  sliort,  attached  to  the  sides  of  cells  of  various 
figures,  to  which  they  give  a  sort  of  toothed  appearance,  as  in 
the  anther  of  Phlomis  fruticosa  and  other  Labiatae.  (Plate  I. 
fig.  15.) 

The  last  three  were  first  noticed  by  Purkinje. 

8.  The  fibre  twisted  spirally,  in  the  open  membranous 
tubes  that  form  the  elaters  of  Jungermannia,  apparently 
constitutes  another  form  of  tissue  of  this  order.  (Plate  I. 
fig.  17.) 

B.  Fibre  witliout  Membrane* 

9.  Spiral  fibi'es  repressed  by  mucus,  but  having  sufficient 
elasticity  to  uncoil  when  the  mucus  is  dissolved,  and  then 
breaking  up  into  rings.  (Plate  I.  fig.  16.)  These  are  what 
are  fo\md  in  the  seed-coat  of  Collomia  linearis.  Tliey  approach 
spiral  vessels  so  very  nearly,  that  when  I  originally  discovered 
them  I  mistook  them  for  such.  They  are  known  by  their 
roundish  or  depressed  figure  when  at  rest,  and  by  the  want 
of  an  inclosing  membrane,  and  by  their  brittleness  when  un- 
coiled. 

10.  Fibres  short,  straight,  and  radiating,  so  as  to  form  little 
starlike  appearances,  found  in  the  lining  of  the  anthers  of 
Polygala  Chamaebuxus,  &:c.  by  Purkinje.     (Plate  I.  fig.  19.) 

11.  Fibres  originating  in  a  circle,  curving  upwards  into  a 
sort  of  dome,  and  uniting  at  the  summit,  observed  by  the 
same  anatomist  in  the  anthers  of  Veronica  perfoliata,  &c. 

1*2.  Fibres  standing  in  rows,  each  distinct  from  its  neigh- 
bour, and  having  its  point  hooked,  so  that  the  whole  has  some 

*  It  is  not  improbable  that  this  form  was  in  the  beginning  of  its  growth 
composed  of  membrane.  Mirbel  has  indeed  shown  that  the  curious  cells 
whicli  line  the  anther  of  the  common  gourd  are  continuous  membranes  till 
just  before  the  expansion  of  the  flower,  when  they  very  suddenly  enlarge, 
and  their  sides  divide  into  narrow  ribands  or  threads,  curved  in  almost 
elliptical  rings  which  adhere  to  the  shell  of  the  anther  by  one  end ;  these 
rings  are  placed  parallel  with  each  other  in  each  cell,  to  which  they  give  an 
appearance  like  that  of  a  little  gallery  with  two  rows  of  pilasters,  the 
connecting  arches  of  which  remain  after  the  destruction  of  the  roof  and 
walls. 
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resemblance  to  the  teeth  of  a  currycomb,  in  the  anthers  of 
Campanula;  first  noticed  by  Purkinje.      (Plate  I.  fig.  18.) 

13.  Fibres  forming  distinct  arches,  as  seen  in  the  anthers  of 
Linaria  cymbalaria,  &c.  by  Purkinje.      (Plate  I.  fig.  4.)* 

Vasiform  Cellular  Tissue  {Tubes poreiix,  Vaisseaux  en 
chapelet,  Mirbel ;  Tubes  corjmsculiferes  of  Dutrochet.)  Tissue 
of  this  kind  consists  of  tubes  whose  sides  are  marked  with  nu- 
merous dots,  arranged  in  a  more  or  less  spiral  manner,  and 
which  are  divided  internally  by  transverse  partitions.  Usually, 
in  addition  to  the  dots,  there  is  distinctly  visible  an  oblique  or 
annular  transparent  line  upon  the  walls  of  the  tube.  (Plate  II. 
fig.  15.17.)  Hence  Kieser  viewed  them  as  spiral  vessels,  the  spires 
of  which,  when  old,  elongate,  and  become  connected  by  a  dotted 
membrane.  BischofF,  on  the  contrary,  considers  the  dots  to 
be  caused  by  the  separation  of  a  spiral  fibre  into  extremely 
minute  portions;  and  he  gives  a  figure  (Plate  II.  fig.  16.)  of 
the  manner  in  which  he  considers  this  change  to  occur. 

It  is  certain,  however,  that  this  kind  of  tissue,  which  has 
been  called  the  dotted  duct,  is  really  a  modification  of  cellular 
rather  than  of  vascular  tissue,  as  was  long  sin^e  asserted  by 
Du  Petit  Thouars  {Ann.  des  Sciences,  vol.  xxi.  p.  224.);  for 
the  following  reasons :  —  If  it  were  such  a  modification  of  the 
spiral  vessel  as  Kieser  supposes,  it  would  have  none  of  those 
internal  partitions  by  which  it  is  particularly  known.  The 
same  remark  applies  to  the  theory  of  BischofF,  which  is  also 
imperfect,  in  not  accounting  for  the  nature  of  the  transverse 
transparent  lines  that  mark  the  sides  of  the  so-called  dotted 
ducts.  Besides,  this  tissue  always  terminates  abruptly,  not  in 
acute  cones,  as  has  been  seen  by  myself,  and  as  was  first  well 
represented  by  Griffith,  in  his  excellent  illustrations  of  the 
anatomy  of  Phytocrene  (Plate  II.  fig.  19,  20.),  and  it 
readily  separates  at  the  partitions ;  none  of  which  properties 

*  According  to  the  last  mentioned  author,  the  fibres  themselves  are 
generally  tubular,  and  either  perfectly  round  or  somewhat  compressed,  or 
even  three  or  four  sided.  He  considers  it  proved  that  they  are  hollow,  by 
their  appearance  when  compressed,  by  their  occasionally  containing  bub- 
bles of  air,  and  by  the  difference  between  their  state  when  dried  and  when 
recent. 
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are  those  of  a  spiral  vessel.  That  the  partitions  really  exist, 
as  has  been  correctly  stated  by  Dutrochet,  there  can  be 
no  doubt,  notwithstanding  the  denial  of  the  fact  by  Link  and 
others.  They  may  be  seen  with  the  naked  eye  in  tlie  vasiform 
tissue  of  the  Cane,  the  Bamboo,  and  many  other  plants. 

Vasiform  tissue  is  therefore  to  be  considered  composed  of 
cy:indrical  cells,  the  sides  of  which  are  covered  with  oblono- 
granules,  looking  like  dots,  and  arranged  with  their  principd 
axis  across  the  tube,  and  the  united  ends  of  which  cause  the 
partitions  discoverable  upon  a  longitudinal  section.  It  is  these 
partitions,  moreover,  that  produce  the  external  appearance  of 
transverse  transparent  lines. 

Slack  takes,  howevei',  a  somewhat  different  view  of  the 
nature  of  the  dots.  He  considers  them  to  be  transparent 
spaces  in  the  sides  of  the  cells,  and  caused  by  the  separation, 
at  intervals,  of  a  spiral  fibre  whose  convolutions  are  partially 
and  firmly  united  in  the  spaces  between  the  dots ;  and  he  re- 
presents a  case  of  vasiform  tissue  from  Hippuris  in  illustration 
of  his  position.  This  is  a  very  ingenious  explanation,  and 
perhaps  the  true  one,  of  what  is  a  most  puzzling  circumstance, 
if  the  dots  are  really  granules,  viz.  the  great  regularity  with 
which  they  are  arranged.  But  it  requires  further  confirm- 
ation. 

The  vasiform  is  the  largest  of  all  kinds  of  tissue.  The  holes 
which  are  so  evident  to  the  naked  eye,  in  a  transverse  section 
of  the  oak  or  the  vine,  are  its  mouths;  and  the  large  openings 
in  the  ends  of  the  woody  bundles  of  Monocotyledonous  stems, 
as  in  the  Cane,  are  also  almost  always  caused  by  the  section 
of  vasiform  tissue.  The  stems  of  Arundo  Donax,  or  of  any 
larger  grass,  is  an  excellent  subject  for  seeking  it  in;  it  can  be 
readily  extracted  from  them  when  boiled. 

In  the  centre  of  some  of  the  bladders  of  the  cellular  tissue  of 
many  plants  there  is  a  roundish  nucleus,  apparently  consisting 
of  granular  matter,  the  nature  of  which  is  unknown.  It  was 
originally  remarked  by  Francis  Bauer,  in  tlie  bladders  of 
the  stigma  of  Phaius  Tankervilliae.  A  few  other  vegetable 
anatomists  subsequently  noticed  its  existence  ;  and  Brown, 
ni  his  Memoir  on  the  mode  of  impregnation  in  Orchidea>  and 
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Asclepiadese,  has  made  it  the  subject  of  more  extended  observ- 
ation. According  to  this  gentleman,  such  nuclei  not  only 
occasionally  appear  on  the  cuticle  of  some  plants  (Plate  III. 
%.  9.),  in  the  pubescence  of  Cypripedium  and  others,  and  in 
the  internal  tissue  of  the  leaves,  but  also  in  the  cells  of  the 
ovule  before  impregnation.  It  would  seem  that  Brown  con- 
siders stomates  to^e  formed  by  the  juxtaposition  of  two  of 
these  nuclei.      {See  also  Slack,  in  the  Tram.  Soc.  Arts,  xlix.) 

Sect,  II.  Of  Woody  or  Ligneous  Tissue. 

This  {Vasa  fibrosa,  Lat.;  Petits  tubes,  Mirb. ;  Tissu  cellu- 
laire  allonge  or  ligneux,  Fr. ;  Vaisseaux  propres  fasciculaires, 
Mirb.;  LignecB  fistulcB,  Malpighi;  Fasergefdsse,  or  Bastrohren, 
Germ.)  consists  of  very  slender  transparent  membranous 
tubes,  tapering  acutely  to  each  end,  lying  in  bundles,  and, 
like  the  cellular  tissue,  generally  having  no  direct  communi- 
cation with  each  other,  except  by  invisible  pores.  (Plate  II. 
fig.  l.a,b;2.  5.  a,  &c.)  Slack  states,  that  they  are  often  met 
wTth  open  at  theh-  extremities;  "  which  probably  arises  either 
from  the  membrane  being  obliterated  where  it  was  applied  to 
another  fibre,  or  ruptured  by  the  presence  of  an  adjoining 
cell,  as  we  sometimes  find  the  conical  extremity  of  another 
tube  inserted  into  the  aperture." 

Many  vegetable  anatomists  consider  it  a  mere  form  of  cel- 
lidar  tissuc^in  an  elongated  state.  However  true  this  may  be 
in  theory,  woody  tissue  may  be  known  by  its  elongated  figure 
and  extremely  attenuated  character*;  usually  it  has  no  sort 
of  markings  upon  its  surface,  except  occasionally  a  particle  or 
two  of  greenish  matter  in  its  hiside;  but  sometimes  it  is 
covered  with  spots  that  have  been  mistaken  for  pores,  and 
that  give  it  a  peculiar  character  (Plate  II.  fig.  3.  and  4.) ; 
and  I  have  remarked  an  instance,  in  Oncidium  altissimum,  of 

*  The  distinction  between  cellular  tissue  and  woody  fibre  is  more  pro- 
nounced in  the  Ions  club-shaped  aerial  radicle  of  Rhizophora  Candelaria, 
than  in  any  plant  with  which  I  am  acquainted.  It  there  consists  of  large, 
very  long,"  transparent  tubes,  lying  unbedded  in  fine  brownish  granular 
matter,  which  is  minute  cellular  tissue. 
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its  having  tubercles  on  its  surface.  (Plate  II.  fig.  2.)  Gene- 
rally, while  cellular  tissue  is  brittle,  and  has  little  or  no  cohe- 
sion, woody  tissue  has  great  tenacity  and  strength;  whence  its 
capability  of  being  manufactured  into  linen.  Every  thino- 
prepared  from  flax,  hemp,  and  the  like,  is  composed  of  woody 
tissue;  but  cotton,  which  is  cellular  tissue,  bears  no  comparison, 
as  to  strength,  with  either  flax  or  hemp. 

Alphonse  De  Candolle  gives  the  following  as  the  result  ob- 
tained by  Labillardiere,  as  to  the  relative  strength  of  different 
organic  fibres.  He  found  that,  in  suspending  weio-hts  to 
threads  of  the  same  diameter, 

Silk  supported  a  weight  equal  to     .     .     34 

New  Zealand  flax, 23a 

Hemp,        161 

Flax, 113. 

Pita  flax  (Agave  Americana),    ...       7 
That  even  the  most  delicate  woody  tissue  consists  of  tubes, 
may  be  readily  seen  by  examining  it  with  a  high  magnifying 
power,  and  also  by  the  occasional  detection  of  particles  of 
greenish  matter  in  its  inside.    (Plate  II.  fig.  2.  b.)     A  very 
different  opinion  has  nevertheless  been  held  by  some  physio- 
logists, who  have  thought  that  the  woody  tissue  is  capable  of 
endless  divisibility.     "  When,"  says  Duhamel,   "  I  have  ex- 
amined under  the  microscope  one  of  the  principal  fibres  of  a 
pear  tree,  it  seemed  to  me  to  consist  of  a  bundle  of  yet  finer 
fibres;  and  when  I  have  detached  one  of  those  fibres,  and  sub- 
mitted it  to  a  more  powerful  magnifying  power  than  the  first^ 
it  has  still  appeared  to  be  formed  of  a  great  number  of  yet 
more  delicate  fibres."     {Physique  des  Arhres,  i.  57.)     To  this 
opinion  Du  Petit  Thouars  assents,  conceiving  the  tenuity  of  a 
fibre  to  be  infinite,  as  well  as  its  extensibility.      {Essais  sur  la 
Vegetation,  p.  150.)     These  views  have  douljtless  arisen  from 
the  use  of  very  imperfect  microscopes ;  under  low  powers  of 
which  such  appearances   as   Duhamel   describes  are  visible; 
but  with  modern  glasses,  and  after  maceration  in  nitric  acid, 
or  even  in  pure  water,  each  particular  tube  can  be  separated 
with  the  greatest  facility.     Tlieir  diameter  is  often  very  much 
less  than  that  of  the  finest  human  hair;  the  tubes  of  hemp, 
for  example,  when  completely  separated,  are  nearly  six  times 
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smaller.  It  must,  however,  be  observed,  that  the  fibres  of 
this  plant,  as  used  in  linen-making,  are  by  no  means  in  a 
state  of  final  separation,  each  of  the  finest  that  meets  the 
naked  eye  being  in  reality  a  bundle  of  tubes.  While  some  do 
not  exceed  3-5^0^  of  an  inch  in  diameter,  others  have  a  diameter 
as  considerable  as  that  of  ordinary  cellular  tissue  itself;  in 
Coniferee  the  tubes  are  often  ^ho  o^'  3005  and  in  the  Lime  they 
average  about  1^^.  Link  states  {Elementa,  p.  85.)  that  they 
are  very  large  in  trees  of  hot  countries,  as,  for  instance,  the 
Brazilian  coffee. 

There  are  three  distinct  kinds  of  woody  tissue :  — 
L  That  in  which  the  walls  are  not  occupied  with  either 
granules  or  glands  sticking  to  them,  or  in  which  the  former 
are  of  very  rare  occurrence.  (Plate  IL  fig.  L)  This  is  the 
finest  and  the  commonest  of  all ;  and  is  also  the  most  genuine 
state  of  woody  tissue. 

2.  That  in  which  the  walls  have  uniformly  considerable 
numbers  of  granules  of  regular  size  sticking  to  them  in  a 
scattered  manner.  (Plate  IL  fig.  3,  4,  5.)  These  granules 
have  been  and  are  still  considered  by  many  anatomists  as 
pores  in  the  sides  of  the  tissue.  They  have  been,  in  parti- 
cular, so  described  and  represented  lately  by  Adolphe  Bron- 
gniart  in  Cycadeae,  in  which  the  tubes  are  large,  and  the 
appearance  very  conspicuous.  '  4nnales  des  Sciences,  vol.  xvi. 
tab.  2L)  But  I  thuik  it  possible  to  demonstrate  that  this  is 
an  optical  deception,  and  that  the  supposed  perforations  are 
semitransparent  granules.  In  the  first  place,  no  colourless 
light  passes  through  the  supposed  pores  in  any  case ;  on  the 
contrary,  they  are  dark,  and  have  a  solid  appearance  at  all 
times,  except  when,  at  a  certain  distance  out  of  the  focus  of 
the  microscope,  they  become  luminous.  Secondly,  if  they 
were  holes,  they  would,  at  least,  be  seen  open  when  the  tissue 
is  dry  and  contracted,  although  they  might  close  up  when  it 
becomes  swollen  with  moisture.  That,  however,  they  never  are  : 
on  the  contrar}',  they  are  more  opaque  when  dry  than  when  wet. 
Thirdly,  they  become  more  and  more  opaque  as  the  magnify- 
ing power  with  which  they  are  viewed  is  increased;  a  circum- 
stance which  seems  incompatible  with  perforations.  Finally, 
and  it  is  this  which  will  possibly  be  regarded  most  conclusive, 
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if  tlie  tissue  of  Zamia  be  allowed  to  remain  maceratinsf  for 
some  time  in  dilute  nitric  acid,  the  apparent  pores  disappear : 
that  is  to  say,  the  granules  that  cavise  the  appearance  of  per- 
forations are  dissolved.  It  has  been  thought  that  such  ap- 
pearances as  these  were  confined  to  Cycadeas  and  Coniferte ; 
but  I  suspect  that  they  are  far  from  uncommon  in  other  fami- 
lies. Such  tissue  constitutes  a  considerable  part  of  the  wood 
of  Calycanthus  (Plate  11.  fig.  4.),  as  has  been  already  noticed: 
and  it  is  abimdant  in  Bragantia.  This  kind  of  tissue  might 
be  called  granular  ivoody  tissue :  it  approaches  very  nearly  to 
the  character  of  vasiform  tissue,  into  which,  in  Zamia,  it  seems 
to  pass  by  almost  insensible  transitions.  It  may,  however,  be 
kno^\^l  either  by  its  very  acuminated  extremities,  or  by  its 
granules  not  being  arranged  in  a  spiral  manner. 

3.  The  third  kind  of  woody  tissue  is  the  glandular.  This 
has  hitherto  only  been  noticed  in  Coniferae,  in  which  it  is  uni- 
formly found  in  every  species.  Its  dimensions  are  more  con- 
siderable than  that  of  either  of  the  last-mentioned  forms;  and, 
like  the  second,  it  has  been  described  as  perforated  with  pores. 
It  differs  from  granular  woody  tissue  in  the  markings  of  the 
tubes  being  vesicular,  and  usually  transparent,  with  a  dark- 
ened centre  (Plate  II.  fig.  5,  6.  8.),  which  last  is  what  has 
been  described  as  a  pore,  the  vesicle  itself  being  considered  a 
thickened  rim.  Kieser  figures  the  glands  as  pores,  both  in  Pine- 
wood  {fg.  4.), 
and  in  Ephedra 
{Jig-  5.),  and  in 
other  cases  also. 
They  may  be 
most      conveni- 


ently found  by  examining  a  thin  shaving  of  common  Pine- 
wood  (Pinus  Strobus)  with  a  microscope,  when  they  will  be 
seen  in  the  form  of  transparent  globules,  having  a  dark 
centre,  and  placed  upon  the  walls  of  the  tissue.  That  these 
globules  are  not  pores,  seems  to  me  to  be  proved  thus :  they 
are  flaccid  when  dry,  and  distend  when  moistened,  which  is 
not  the  property  of  a  pore;  their  centre  is  more  generally 
opaque  than  transparent,  which  is  also  not  the  property  of  a 
pore;  they  may  be  torn  through  die  middle  widiout  any  hole 
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becoming  visible;  and,  finally,  they  may  sometimes  be  de- 
tached from  the  tissue  (Plate  II.  fig.  7.),  or  fall  away  spon- 
taneously. In  the  latter  case  they  leave  a  hole  in  the  tissue  at 
the  place  where  they  grew;  and  holes  thus  occasioned  misled 
Kieser  into  the  belief  that  the  woody  fibre  of  Ephedra  was 
really  pierced  with  pores  of  considerable  magnitude.  An 
illustration  of  the  manner  in  which  these  perforations  are 
caused  will  be  found  in  Plate  II.  fig.  7. 

A  different  explanation  is  given  by  Mohl,  whose  observa- 
tions have  been  confirmed  by  Unger.  In  the  o^^nion  of  these 
anatomists,  the  supposed  glands  of  coniferous  tissue  are  circu- 
lar spaces,  where  the  membrane  of  the  tube  becomes  abruptly 
extremely  thin;  and  it  is  said  that  transverse  slices  of  coni- 
ferous wood,  made  at  an  angle  of  45^,  demonstrate  the  fact. 

Adolphe  Brongniart  has  rightly  stated,  that  there  exists  in 
Gnetum  Gnemon  a  form  of  tissue  exactly  the  same  as  in 
Coniferae.  ( Voyage  de  Freycinet)  In  a  species  of  that  genus 
collected  in  Tavoy  by  Dr.  Wallich,  the  glands  are  very  con- 
spicuous.    (Plate  II.  fig.  5.) 

Woody  tissue  constitutes  a  considerable  proportion  of  the 
ligneous'part  of  all  plants;  it  is  common  in  bark,  and  it  forms 
the  principal  portion  of  the  veins  of  leaves,  to  which  it  gives 
stiffness  and  tenacity. 

Sect.  III.     Of  Vascular  Tissue, 
6  7  8  9 


10    \ 


Vascular  tissue  consists  of  simple  membranous  tubes  ta- 
pering to  each  end,  but  often  ending  abruptly,  either  having 
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a  fibre  generated  spirally  in  their  inside,  or  having  their  walls 
marked  by  transverse  bars  arranged  in  a  spiral  direction. 

Such  appears  to  me  to  be  the  most  accurate  mode  of  de- 
scribing this  kind  of  tissue,  upon  the  exact  nature  of  which 
anatomists  are,  however,  much  divided  in  opinion ;  some  be- 
lieving that  the  fibre  coheres  independently  of  any  membrane, 
others  doubting  or  denying  the  mode  in  which  the  vessels  ter- 
minate ;  some  describing  the  vessels  as  ramifying ;  and  a  fourth 
class  ascribing  to  them  pores  and  fissures,  as  we  have  already 
seen  has  been  done  in  cellular  and  woody  tissue.  It  will 
be  most  convenient  to  consider  all  these  points  separately, 
along  with  the  varieties  into  which  vascular  tissue  passes. 

There  are  two  principal  kinds  of  vascular  tissue ;  viz.  spiral 
vessels  (Plate  II.  fig.  9.  11.),  and  ducts  (Plate  II.  fig.  13.  15, 
16.  18.  20.) 

Spiral  VESSELS  (/y.  6,  7.)  {Vasa  sjnralia,  Lat. ;  Trachea  oi 
many ;  FistulcB  spirales  of  Malpighi ;  Spiralgefcisse  or  Sclirau- 
hengefdssc,  Germ.;)  are  membranous  tubes  with  conical  extre- 
mities ;  their  inside  being  occupied  by  a  fibre  twisted  spirally, 
and  capable  of  unrolling  with  elasticity.  To  the  eye  they,  wlien 
at  rest,  look  like  a  wire  twisted  round  a  cylinder  that  "is  after- 
wards removed.  For  the  purpose  of  finding  diem  for  examin- 
ation, the  stalk  of  a  strawberry  leaf,  or  a  young  shoot  of  the 
Cornus  alba  (common  dogwood)  may  be  conveniently  used; 
in  these  they  may  be  readily  detected  by  gently  pulling  the 
specimen  asunder,  when  they  unroll,  and  appear  to  the  naked 
eye  like  a  fine  cobweb. 

Very  different  opinions  have  been  entertained  as  to  the 
exact  structure  of  spiral  vessels.  They  have  been  considered 
to  be  composed  of  a  fibre  only,  twisted  spiraUy,  without  any 
connecting  membrane;  or  to  have  their  coils  connected  by  an 
extremely  thin  membrane,  which  is  destroyed  when  the  vessel 
unrolls ;  or  to  consist  of  a  fibre  rolled  round  a  membranous 
cylmder;  or  even,  and  this  was  Malpighi's  idea,  to  be  formed 
by  a  spiral  fibre  kept  together  as  a  tube  by  interlaced  fibres. 
Agam,  the  fibre  itself  has  been  by  some  thought  to  be  a  flat 
strap,  by  others  a  tube,  and  by  a  third  class  of  observers  a 
kuul  of  gutter  formed  by  a  strap  having  its  edges  turned  a 
httle  mwards.     Finally,    the  mode  in  v.hich  they  terminate. 
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although  formerly  stated  by  Mirbel  to  be  continuous  with  tlie 
cellular  tissue,  is  so  little  known,  that  the  learned  De  Can- 
dolle,  in  his  Organograpliie^  published  in  1827,  remarks, 
"  Personne  jusqu'  ici  n'a  vu  d'une  maniere  claire,  ni  I'origine, 
ni  la  terminaison  d'un  vaisseau."  (P.  58.)  As  doubts  upon 
these  points  arise  from  the  extreme  minuteness  of  the  vessels, 
and  from  the  different  degrees  of  skill  that  observers  employ 
in  the  use  of  the  microscope,  I  can  scarcely  hope  that  any  ob- 
servations of  mine  will  have  much  weight.  Nevertheless,  I 
may  be  permitted  to  state  briefly  what  arguments  occur  to 
me  in  support  of  the  definition  of  the  spiral  vessel  as  given 
above. 

With  regard  to  the  presence  of  an  external  membrane 
within  which  the  spiral  fibre  is  developed,  it  must  be  con- 
fessed that  direct  observation  is  scarcely  sufficient  to  settle 
that  point.  It  is  easy  to  prove  the  existence  of  a  membrane, 
but  it  is  difficult  to  demonstrate  whether  it  is  external  or 
internal  with  respect  to  the  fibre.  The  best  mode  of  examin- 
ation is  to  separate  a  vessel  entire  from  the  rest  of  the  tissue, 
which  may  be  done  by  boiling  the  subject,  and  then  tearing  it 
in  pieces  with  the  points  of  needles  or  any  delicate  sharp 
instrument :  the  real  structure  will  then  become  much  more 
apparent  than  if  the  vessel  be  viewed  in  connection  Axdth  the 
surrounding  tissue.  From  some  beautiful  preparations  of 
this  kind  by  Mr.  Valentine  and  Mr.  Griffith,  it  appears  that 
the  membrane  is  external :  in  the  root  of  the  Hyacinth,  for 
example,  the  coils  of  the  spiral  vessel  touch  each  other, 
except  towards  its  extremities ;  there  they  gradually  separate, 
and  it  is  then  easy  to  see  that  the  spiral  fibre  does  not  project 
beyond  the  membrane,  but  is  bounded  externally  by  the  latter, 
which  would  not  be  the  case  if  the  membrane  were  internal : 
a  representation  of  such  a  vessel  is  given  at  Plate  II.  fig.  9. 
Another  argument  as  to  the  membrane  being  external  may  not 
unfairly  be  taken  from  the  manifest  analogy  that  a  spiral 
vessel  bears  to  that  form  of  cellular,  tissue  (p.  11.),  in  which  a 
spiral  fibre  is  generated  witldn  a  cellule :  it  is  probable  that 
the  origin  of  the  fibre  is  the  same  in  both  cases,  and  that  its 
position  with  regard  to  the  membrane  is  also  the  same. 
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It  is  much  more  difficult  to  determine  whether  the  fibre  is 
solid,  or  tubvilar,  or  flat  like  a  strap ;  and  Amici  has  even 
declared  his  belief  that  the  question  is  not  capable  of  solution 
with  such  optical  instruments  as  are  now  in  use.  When 
magnified  500  times  in  diameter,  a  fibre  appears  to  be 
transparent  in  the  middle,  and  more  or  less  opaque  at  the 
edges ;  a  circumstance  which  has  no  doubt  given  rise  to  the 
idea  that  it  is  a  strap  or  riband,  with  the  edges  either 
thickened,  according  to  De  Candolle,  or  rolled  inwards, 
according  to  Mirbel.  But  it  is  also  the  property  of  a  ti'ans- 
parent  cylinder  to  exhibit  this  appearance  when  viewed  by 
transmitted  light,  as  any  one  may  satisfy  himself  by  examin- 
ing a  bit  of  a  thermometer  tube.  A  better  mode  of  judo-ino- 
is,  perhaps,  to  be  found  in  the  way  in  which  the  fibre  bends 
when  the  vessel  is  flattened.  If  it  were  a  flat  thread,  there 
would  be  no  convexity  at  the  angle  of  flexure,  but  the  external 
edge  of  the  bend  would  be  straight.  The  fibre,  however, 
always  maintains  its. roundness,  whatever  the  degree  of  pres- 
sure that  I  have  been  able  to  apply  to  it.  (Plate  II.  fig.  10.) 
This  I  think  conclusive  as  to  the  roundness  of  the  fibre ;  but 
it  does  not  determine  the  question  of  its  being  tubular  or 
solid.  I  should  have  been  induced  to  think,  with  BischofF, 
who  has  investigated  the  nature  of  spiral  vessels  with  singular 
skill  {De  vera  Vasorum  Plantarum  spiralium  Structurd  et  Func- 
tione  Commentation  1829),  that  it  is  sohd,  if  it  did  not  appear 
to  have  been  ascertained  by  Hedwig  that,  when  coloured 
fluids  rise  in  spiral  vessels,  they  follow  the  direction  of  the 
spires.  This  fact  may,  however,  be  explained  upon  the  sup- 
position that  they  rise  in  the  channels  formed  by  the  approxi- 
mation of  cylindrical  fibres,  and  not  in  the  fibres  themselves  ; 
in  which  case  there  could  be  little  doubt  that  the  fibres  are 
really  solid. 

The  nature  of  the  termination  of  spiral  vessels  is  now 
placed  beyond  all  doubt,  by  the  preparations  of  Mr.  Valentine, 
above  alluded  to,  and  by  some  observations  of  my  own. 
It  was  stated  by  Nees  von  Esenbeck,  in  his  Handhuch 
der  Botanik,  published  in  1820,  that  they  terminate  in  a 
conical  manner;  and  hi  1824  Dutrochet  asserted,   that  they 
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end  in  conical  spires,  the  point  of  which  becomes  A-ery  acute; 
but  one  would  not  suppose,  judging  from  the  figure  given  by 
the  latter  writer,  that  he  had  seen  the  terminations  very 
clearly.  It  is,  however,  certain  that  the  statement  of  Nees 
von  Esenbeck  is  correct,  and  that  the  spiral  vessel  generally 
terminates  in  a  cone,  or  in  a  rounded  manner.  If  the  point 
of  such  a  vessel  in  the  Hyacinth  (Plate  II.  fig.  9.)  be  examined, 
it  will  be  seen  that  the  end  of  the  spiral  fibre  lies  just  within 
the  acute  point  of  the  vessel,  and  that  the  spires  become 
gradually  more  and  more  relaxed  as  they  approach  the  ex- 
tremity, as  if  their  power  of  extension  gradually  diminished, 
and  the  membrane  acquired  its  pointed  figure  by  the  diminu- 
tion of  elasticity  and  extensibility  in  the  fibre.  It  is  not, 
however,  always  in  a  distinct  membrane  that  the  spiral  vessel 
ends.  In  Nepenthes  the  fibres  terminate  in  a  blunt  cone,  in 
which  no  membrane  is  discoverable.     (Plate  II.  fig.  11.)* 

A  spiral  vessel  is  formed  by  the  convolutions  either  of  a 
single  spire,  or  of  many  always  turning  in  one  direction,  and 
formino-  a  right-handed  screw  {Slack).  In  the  first  case  it  is 
called  simple,  in  the  latter  comj^ound.  The  simple  is  the  most 
common.  (Plate  II.  fig.  9.)  Kieser  finds  fi'om  two  to  nine 
fibres  in  the  Banana.  De  la  Chesnaye  as  many  as  twenty-two 
in  the  same  plant.  There  are  four  in  Nepenthes.  (Plate  II. 
fig.  11.)  In  general,  compound  spiral  vessels  are  thought  to 
be  almost  confined  to  Endogenous  plants,  where  they  are  very 
common  in  certain  families,  especially  Marantaceee,  Scitami- 
neae,  and  Musaceae ;  but  their  existence  in  Nepenthes,  and, 
according  to  Rudolphi,  in  Heracleum  speciosum,  renders  it 
probable  that  future  observations  will  show  them  to  be  not 
imcommon  among  Exogens  also. 

*  A  singular  change  occurs  in  the  appearance  of  the  spiral  vessels  of 
Nepenthes,  after  long  maceration  in  dilute  nitric  acid,  or  caustic  potash : 
the  extremities  cease  to  be  conical  and  spually  fibrous,  but  become  little 
transparent  oblong  sacs,  in  which  the  spires  of  the  fibres  gradually  lose 
themselves.  This  alteration,  which  is  a  very  likely  cause  of  deception,  is 
perhaps  owing  to  the  extremities  of  the  vessels  being  more  soluble  than  the 
other  part,  the  sac  being  the  confluent  dissolved  fibres.  This  is  in  some 
measure  confirmed  by  the  subsequent  disappearance  of  all  trace  of  fibres 
in  any  part  of  the  vessels,  under  the  influence  of  those  powerful  solvents. 
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In  Coniferas  the  spiral  vessels  have  in  some  eases  their 
spires  very  remote,  and  even  have  glands  upon  their  mem- 
brane between  the  spires.    (Plate  II.  fig.  6.) 

In  size,  spiral  vessels,  like  other  kinds  of  tissue,  are  vari- 
able ;  they  are  generally  very  small  in  the  petals  and  filaments. 
Mirbel  states  them  to  be  sometimes  as  much  as  the  288th  of 
an  inch  in  diameter ;  Hedwig  finds  them,  in  some  cases,  not 
exceeding  the  3000th;  a  very  common  size  is  the  1000th. 

An  irritability  of  a  curious  kind  has  been  noticed  by  Mal- 
pighi  in  the  fibre  of  a  spiral  vessel.  He  says  {Ariat,  p.  3.), 
that  in  herbaceous  plants,  and  some  trees,  especially  in  the 
winter,  a  beautiful  sight  may  be  observed,  by  tearing  gently 
asunder  a  portion  of  a  branch  or  stem  still  green,  so  as  to 
separate  the  coils  of  the  spires.  The  fibre  will  be  found  to 
have  a  peristaltic  motion,  which  lasts  for  a  considerable  time. 
An  appearance  of  the  same  nature  has  been  described  by 
Don  in  the  bark  of  Urtica  nivea.  These  observations  are, 
however,  not  conformable  to  the  experience  of  others.  De 
Candolle  is  of  opinion  that  the  motion  seen  by  Malpighi  is 
due  to  a  hygroscopic  quality  combined  with  elasticity ;  and  as 
spiral  vessels  do  not  exist  in  the  bark  of  Urtica  nivea,  it  seems 
that  there  is  some  inaccuracy  in  Don's  remark. 

The  situation  of  spiral  vessels  is  in  that  part  of  the  axis  of 
the  stem  surrounding  the  pith,  and  called  the  medullary  sheath, 
and  also  in  every  part  the  tissue  of  which  originates  from 
it ;  such  as  the  veins  of  leaves,  and  petals,  and  of  all  other 
modifications  of  leaves.  It  has  been  supposed  that  they  are 
never  found  either  in  the  bark,  the  wood,  or  the  root ;  and 
this  appears  to  be  generally  true.  But  there  are  exceptions 
to  this :  Mirbel  and  Amici  have  noticed  their  existence  in 
roots;  and  Mr.  Valentine  and  Mr.  Griffith  have  both  ex- 
tracted them  from  the  root  of  the  Hyacinth  ;  they  do  not, 
however,  appear  to  have  been  hitherto  seen  in  the  roots  of 
Exogeus.  I  know  of  no  instance  of  their  existence  in  bark, 
except  in  Nepenthes,  where  they  are  found  in  prodigious 
quantities,  not  only  between  the  alburnum  and  the  liber,  em- 
bedded in  cellular  tissue,  as  was  first  pointed  out  to  me  by 
Mr.  Valentine,  but  also  sparingly  both  in  the  bark  and  wood. 
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Tliey  have  been  described  by  myself  as  forming  part  of  the 
testa  of  the  seed  of  Collomia,  and  Brown  has  described 
them  as  existing  abundantly  in  that  of  Casuarina.  In  the 
former  case,  the  tissue  was  rather  the  fibro-cellular,  as  has 
been  already  explained  (p.  11.) ;  in  the  latter,  they  are  appa- 
rently of  an  intermediate  nature  between  the  fibro-cellular 
and  the  vascular ;  agreeing  with  the  former  in  size,  situation, 
and  general  appearance,  but  differing  in  being  capable  of  un- 
rolling. In  the  stem  of  Endogens,  spiral  vessels  occur  in  the 
bundles  of  woody  tissue  that  lie  among  its  cellular  s\ibstance ; 
in  the  leaves  of  some  plants  of  this  description  they  are  found 
in  such  abundance,  that,  according  to  De  la  Chesnaye,  as 
quoted  by  De  Candolle,  they  are  collected  in  handfuls  in  some 
islands  of  the  West  Indies  for  tinder.  The  same  author  in- 
forms us  that  about  a  draclmi  and  a  half  is  yielded  by  every 
plantain,  and  that  the  fibres  may  be  employed  either  in  the 
manufacture  of  a  sort  of  down,  or  may  be  spun  into  thread. 
In  Coniferous  plants  they  are  few  and  very  small,  and  in 
Flowerless  plants  they  are  for  the  most  part  altogether  absent; 
the  only  exceptions  being  in  Ferns  and  Lycopodiacece,  orders 
occupying  a  sort  of  middle  place  between  flowering  and 
flowerless  plants :  in  these  they  no  doubt  exist.  My  friend 
Mr.  Griffith  has  succeeded  in  unrolling  them  in  the  young 
shoots  of  Lycopodium  denticulatum. 

Some  have  thought  that  the  spiral  vessels  terminate  in  those 
little  openings  of  the  cuticle  called  stomates ;  but  there  does 
not  seem  to  be  any  foundation  for  this  opinion. 

Ducts  (^fig.  8,  9,  10,  11.)  {Fansses  trochees,  Fr. ;  Lym- 
phcediicts,  or  Sap-vessels  of  Grew  and  others ;  Vaisseaux  lym- 
phatiques  of  De  Candolle,  Vaisseaux pneumatiqiies  of  others) 
are  membranous  tubes,  with  conical  or  rounded  extremities ; 
their  sides  being  marked  with  transverse  lines,  or  rings,  or 
bars,  and  being  incapable  of  unrolling  without  breaking. 

These  approach  so  nearly  to  the  spiral  vessel  that  it  is  im- 
possible to  doubt  their  being  a  mere  modification  of  it.  Some 
writers  confound  all  the  forms  under  the  common  name  of 
spiral  vessels,  but  it  is  more  convenient  to  consider  them  as 
distinct,  not  only  on  account  of  their  peculiar  appearances,  but 
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because  they  occupy  a  station  iii  plants  in  which  true  spiral 
vessels  are  not  often  found ;  and  it  is  therefore  probable  that 
their  functions  are  different.  They  vary  between  the  j^q  and 
the  g^j,  of  an  inch  in  diameter. 

All  the  forms  of  the  duct  seem  reducible  to  the  followinir 
varieties  :  — 

L  The  Closed  (Plate  11.  fig.  IS.),  which  are  absolutely 
the  same  as  spiral  vessels,  except  that  they  will  not  unroll. 

2.  The  Annular  {firj.  10.,  and  Plate  II.  fig.  13.  h.).  These 
are  well  described  by  Bischoff  as  being  formed  of  fibrous 
rings,  placed  at  uncertain  intervals ;  or,  to  speak  more  accu- 
rately, they,  like  spiral  vessels,  are  formed  of  a  spiral  thread, 
but  it  is  broken  at  every  coil,  so  as  to  separate  into  a  number 
of  distinct  rings.  These  rings  are  included  within  a  membran- 
ous tube,  by  which  they  are  held  together.  Annular  ducts 
are  conunon  in  the  soft  parts  of  plants,  especially  in  such  as 
grow  with  much  rapidity ;  in  the  Garden  Balsam  they  are 
particularly  abundant. 

3.  The  Reticulated  [Jig.  8.  11.,  and  Plate  II.  fig.  13.  a.). 
In  these  the  spiral  fibre,  instead  of  separating  into  a  niunber 
of  distinct  rings,  is  continuous  in  some  places,  and  anastomoses 
in  others,  so  as  to  form  a  sort  of  netted  appearance.  Vessels 
of  this  kind,  like  the  last,  are  found  in  the  stem  of  some 
herbaceous  plants;  as,  for  example,  the  Garden  Balsam,  in 
which  they  may  be  seen  in  a  great  variety  of  states. 

4.  The  Scalarifor?n,  which  are  extremely  abundant  in  Ferns. 
These  are  angular  tubes,  whose  sides  are  marked  by  transverse 
bars  which  scarcely  reach  the  angles,  but  have  such  an  appear- 
ance as  is  exliibited  by  the  cellular  tissue  represented  at  fig.  3. 
page  7.  These  bars  are  unquestionably  formed  of  short 
lengtlis  of  solid  fibre,  as  is  exceedingly  obvious  in  the  wood  of 
Tree  Ferns. 

In  all  probability  the  spiral  vessel  is  the  type  of  all  these; 
and  the  differences  we  perceive  in  them  are  owing  to  the  vari- 
ous modes  in  which  tliey  are  subjected  to  the  developing 
forces.  Tlius  the  closed  duct  may  be  considered  to  be  abso- 
lutely a  spiral  vessel,  with  little  or  no  power  of  unrolling ;  the 
annular  to  be  the  same  thing,  but  with  the  enveloping  mem- 
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brane  growing  more  rapidly  than  the  enclosed  fibre,  which  is 
consequently  broken  into  pieces  which  contract  into  rings. 
Reticulated  ducts  may  in  like  manner  be  considered  as  spiral 
vessels,  whose  internal  spire,  instead  of  snapping  into  short 
lengths  as  the  membrane  extends,  accommodates  itself  to  the 
growth  of  the  latter  by  separating  its  coils,  which  thus  gain  an 
irregular  direction,  and  grow  together  at  points  of  vai'iable 
distance.  I  think  this  view  of  the  nature  of  ducts  was  first 
taken  by  Mr.  Solly.  It  is  well  illustrated  by  Slack  in  the 
paper  already  referred  to,  and  it  derives  additional  strength 
from  the  fact,  which,  I  believe,  has  never  before  been  men- 
tioned, that  ducts,  common  as  thev  are  in  the  Garden  Balsam 
when  full  grown,  are  scarcely  to  be  found  in  that  plant  in  a 
young  state. 

Some  anatomists  have  added  to  the  varieties  above  enumer- 
ated, what  they  call  strangulated  vessels  [vaisseaux  en  chapelet 
or  etraiujles^  corpuscula  vermiformia) .  These  are  rightly  de- 
termined by  BischofF  to  be  mere  accidental  forms,  caused  by 
their  irregular  compression,  when  growing  in  knots  or  parts 
that  are  subject  to  an  interrupted  kind  of  developem.ent. 
Tliey  may  be  found  figured  in  Mirbel's  Elemens,  tab.  x. 
fig.  15.;  and  in  Kieser,  fig.  56.  and  57.;  but  the  best 
view  of  their  origin  and  true  nature  is  in  Slack's  plate, 
fig.  33.,  in  the  Transactions  of  the  Society  of  Arts,  before 
referred  to. 

Vascular  tissue  always  consists  of  tubes  that  are  unbranched. 
They  have  been  represented  by  Mirbel  as  ramifying  in  some 
cases;  but  this  opinion  has  undoubtedly  arisen  from  imperfect 
observation.  When  forming  a  series  of  vessels,  the  ends  of 
the  tubes  overlay  each  other,  as  represented  in  Plate  II. 
fig.  18. 

Slack  states  that  the  membrane  is  often  obliterated  at 
the  place  where  two  vessels  touch  each  other,  and  that  trans- 
verse bars  only  remain  under  the  form  of  a  grating;  this 
appearance  is  produced  by  the  remains  of  the  spiral  fibre,  se- 
veral of  whose  convolutions  are  partially  uncovered  by  the 
absorption  of  the  enveloping  membrane.  It  would  hence  ap- 
pear that  ducts  open  into  each  other  at  their  points  of  contact. 
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Sect.  IV.      Of  spuriotis  elementary  Organs  ;  such  as  Air  Cells, 
Receptacles  of  Secretion,  Glands,  S^c.  Sfc. 

The  kinds  of  tissue  now  enumerated  are  all  that  have  as 
yet  been  discovered  in  the  fabric  of  a  plant.  There  are, 
however,  several  other  internal  parts,  which  although  not 
elementary,  being  themselves  made  up  of  some  one  or  other 
of  the  forms  of  tissue  ah'eady  described,  nevertheless  have 
either  been  sometimes  considered  as  elementary,  or  at  least 
are  not  referable  to  the  appendages  of  the  axis,  and  can  be 
treated  of  more  conveniently  in  this  place  than  elsewhere. 
These  are,  1.  Intercellular  passages ;  2.  Receptacles  of  secre- 
tion ;  3.  Air  cells ;  4.  Raphides. 

1.  Of  Intercellular  Passages. 

As  the  elementary  organs  are  all  modifications  of  either  the 
spherical  or  cylindrical  figure,  it  must  necessarily  happen  that 
when  they  are  pressed  together,  spaces  between  them  will 
remain,  which  will  be  more  or  less  considerable  in  proportion 
as  the  tissue  preserves  in  a  greater  or  less  degree  the  cylindri- 
cal or  spherical  form.  Wlien  the  pressure  has  been  very 
uniform,  as  in  the  case  of  the  tissue  of  the  cuticle,  and  in  many 
states  of  cellular  substance,  no  spaces  will  exist.  When  they 
do  exist,  they  are  called  Intercellular  passages  {meatus  or  ductus 
intercellulares,  canaux  entrecellulaires).  They  necessarily  follow 
the  course  of  the  tissue,  being  horizontal,  vertical,  or  oblique, 
according  to  the  direction  of  tlie  angles  of  the  tissue  by  which 
they  are  formed.  Their  size  varies  according  to  the  size  of 
the  tissue  and  the  quantity  of  sap.  In  plants  of  a  dry  charac- 
ter, they  are  frequently  so  small  as  to  be  scarcely  discoverable; 
while  in  succulent  plants  they  are  so  large  as  to  approach  the 
size  of  cells,  as  in  the  stem  of  Tropreolum  majus.  (Plate  II. 
fig.  14.)  They  are  remarkably  large  in  the  horizontal  parti- 
tions which  separate  the  air  cells  of  water  plants.  In  I^inino- 
charis  Plumieri  they  exist  in  the  form  of,litde  holes  at  every 
angle  of  the  hexagons  of  which  the  partitions  in  that  plant 
consist ;  and  are,  no  doubt,  there  intended  as  a  beautiful  con- 
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trivance  to  enable  air  to  pass  freely  from  one  cavity  to  another. 
Alphonse  De  Candolle  and  Mohl  consider  the  vessels  of' latex - 
of  Meyer,  or  the  vital  vessels  "of  Schultz,  to  be  merely 
intercellular  passages ;  and  this  agrees  best  with  the  branched 
character  which  those  vessels  are  said  to  possess.  They  are 
described  by  Schultz  [Arch,  de  Bot.  ii.  422.)  as  composed  of 
tubes,  slender,  membranous,  transparent,  delicate,  soft,  flexi- 
ble, perfectly  close,  cylindrical  when  separated,  angular  when 
combined,  susceptible  of  contraction,  often  communicating  by 
branches  or  anastomoses,  and  containing  a  juice  which  is  more 
or  less  thick  and  coloured.  These  tubes  are  said  to  be  ex- 
tremely common ;  to  accompany  the  bundles  of  fibrous  cellular 
tissue  in  the  wood  of  both  Exogens  and  Endogens;  to  be  present 
either  singly  or  combined  in  the  cortical  integument;  and,  fi- 
nally, to  exist  in  roots,  stems,  leafstalks,  flowerstalks,  flowers,  or 
wherever  spiral  vessels  make  their  appearance.  It  may,  perhaps, 
be  supposed  that  these  are  instances  of  thin-sided  woody  tissue 
— and  their  so  constantly  accompanying  the  vascular  system 
would  seem  to  confirm  that  view ;  —  but  I  have  never  succeeded 
in  discovering  any  sides  to  them.  Their  thinnecs  is  altop-ether 
at  variance  with  the  structure  of  the  woody  tissue  in  the 
plants  where  they  are  more  particularly  said  to  exist,  and  the 
figures  of  such  tissue  by  Meyer  {Phytotomie,  t.  10.  yi  11.  and 
1. 14.  B.  B.),  together  with  the  account  given  by  Schultz  of  their 
shrinking  and  distending,  to  say  nothing  of  the  branching  al- 
ready noticed,  seem  altogether  to  point  to  intercellular  passages, 
and  not  to  any  special  form  of  tissue. 

2.  Of  Receptacles  of  Secretion. 

But  it  frequently  occurs  that  the  simple  intercellular  pas- 
sages are  dilated  extremely  by  the  secretions  they  receive, 
and  either  increase  unusually  in  size,  or  rupture  the  coats  of 
the  neighbouring  tissue ;  by  which  means  cavities  are  formed, 
replete  with  what  is  called  the  proper  juice  of  the  plant ;  that 
is  to  say,  with  the  sap  altered  to  the  state  which  is  peculiar  to 
the  particular  species  of  tree  producing  it.  Cavities  of  this 
nature  are  often  called  vasa  iwojiria ;  they  are  the  receptacula 
sued  of  Link ;  the  vaisseaux  propres  of  Kieser  and  De  Can- 
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dolle ;  and  die  reservoirs  du  sue  jpropre  of  the  last  author. 
To  this  class  also  are  to  be  referred  the  turpentine  vessels^  and 
the  milk  vessels  of  Grew;  the  reservoirs  accidentels  of  De  Can- 
dolle ;  and  also  the  reservoirs  en  cceeum  of  the  latter,  which  are 
the  clavate  vessels  of  oil  found  in  the  coat  of  the  fruit  of  Um- 
belliferae,  and  which  are  commonly  called  vitta.  Altliough 
the  receptacles  of  secretion  have  no  proper  coat,  yet  they  are 
so  surrounded  by  cellular  tissue,  that  a  lining  or  wall  is 
formed,  of  perfect  regularity  and  symmetry.  The  tissue  of 
this  lining  is  generally  much  smaller  than  that  of  the  neigh- 
bouring parts.  In  figure,  the  receptacles  are  extremely  vari- 
able, most  commonly  round,  as  in  the  leaves  of  the  Orange 
and  of  all  Myrtaceae,  where  they  are  called  crypta,  or  glandidce 
impi'essce,  or  reservoirs  vesiculaires,  or  glandes  vesicidaires,  or 
receptacles  of  oil.  In  the  Pistacia  Terebinthus  the  receptacles 
are  tubular;  in  Coniferaj  they  are  very  irregular  in  figure, 
and  even  position,  chiefly  forming  large  hollow  cylindrical 
spaces  in  the  bark.  Those  in  the  rind  of  the  orange  and 
lemon  are  little  oblong  or  spherical  cysts ;  their  construction, 
which  is  very  easily  examined,  gives  an  accurate  idea  of  that 
of  all  the  rest.     (Plate  II.  fig..  21.) 


3.  Of  Air  Cells. 

Besides  the  common  intercellular  passages,  and  the  recep- 
tacles now  described,  there  is  another  and  a  very  remarkable 
sort  of  cavity  among  the  tissue  of  plants.  This  is  the  air 
cell;  the  lacuna  of  Link,  the  reservoir  d'air  and  cellule  d'air  of 
Kieser,  and  the  liifthelidlter  of  the  Germans.  Like  the  recep- 
tacles of  secretion,  the  air  cells  have  no  proper  membrane  of 
their  oami,  but  are  built  up  of  tissue;  and  this  sometimes  takes 
place  with  a  truly  wonderful  degree  of  uniformity  and  beauty. 
Each  cell  is  often  constructed  so  exactly  like  its  neighbour, 
that  it  is  impossible  to  regard  it  as  a  mere  accidental  dis- 
tension of  the  tissue :  on  the  contrary,  air  cells  are,  in  those 
plants  to  the  existence  of  which  they  are  necessary,  evidently 
formed  upon  a  plan  which  is  uniform  in  the  species,  and 
which  has  been  wisely  contrived  by  Providence  in  that  man- 
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ner  which  is  most  suitable  to  the  piu-pose  for  which  they  are 
destined. 

They  differ  from  receptacles  of  secretion  in  containing  air 
only,  and  not  the  proper  juice  of  the  plant;  a  peculiarity 
which  is  provided  for  by  a  curious  contrivance  of  Nature. 
In  receptacles,  the  orifices  of  the  intercellular  passages  through 
which  the  fluid  that  is  to  be  deposited  drains,  are  all  open ; 
but,  to  prevent  any  discharge  of  fluid  into  the  air  cells,  the 
orifices  of  all  the  intercellular  passages  that  would  otherwise 
open  into  them  are  closed  up,  except  in  the  partitions  that 
divide  them  from  each  other. 

Air  cells  are  very  variable  in  size,  figure,  and  arrangement. 
In  the  stem  of  the  Rush  ( Juncus  articulatus),  they  consist  of  a 
number  of  tubular  cavities  placed  one  above  the  other,  and 
separated  by  membranous  partitions  composed  of  a  combin- 
ation of  minute  bladders ;  in  some  aquatic  plants  they  are  very 
small,  as  in  Sutomus  um-bellatus.  In  form  they  are  either 
cylindrical,  or  they  assume  the  figure  of  the  bladders  by  which 
they  are  formed,  as  in  Limnocharis  Plumieri  (Plate  III. 
fig.  1.  and  2.),  in  which  the  structure  of  the  air  cells  and 
their  coats  forms  one  of  the  most  beautiful  of  microscopical 
objects. 

The  innei-  surface  of  the  air  cells,  when  they  are  essential 
to  the  life  of  a  plant,  is  smooth  and  unifo)*m ;  but  in  grasses, 
umbelliferous  plants,  and  others  where  they  are  not  essential, 
they  seem  to  be  caused  by  the  growth  of  the  stem  being 
more  rapid  than  the  formation  of  the  air  cells ;  so  that  the 
tissue  is  torn  asunder  into  cavities  of  an  irregular  figure  and 
surface.  Kieser  was  the  first  to  observe  that  in  many  plants 
in  which  the  air  cells  of  the  stem  are  regularly  separated  by 
partitions,  the  intercellular  passages  of  the  bladders  forming 
the  partitions  are  sometimes  left  open,  so  that  a  free  commu- 
nication is  maintained  between  all  the  tiers  of  air  cells. 
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4.  Of  Raphides. 
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Among  the  tissue,  and  according  to  Raspail  exclusively  in 
the  intercellular  passages  of  plants,  are  found  certain  needle- 
slmped  transparent  bodies,  lying  either  singly  or  in  bundles, 
and  called  raphides.  They  were  first  discovered  by  Rafn,  who 
found  them  in  the  milky  juice  of  Euphorbise;  afterwards  they 
were  met  with  by  Jurine,  in  the  leaves  of  Leucojimi  vernum, 
and  elsewhere ;  and  they  are  now  ^vell  known  to  all  vegetable 
anatomists.  If  a  common  Hj^acinth  is  wounded,  a  consider- 
able discharge  of  fluid  takes  place,  and  in  this  myriads  of 
slender  raphides  (fig.  14.)  are  found  floating;  or  if  the  cuticle 
of  the  leaf  of  Mirabilis  Jalapa  is  lifted  up,  little  whitish  spots 
are  observable,  which  are  composed  of  them;  all  these  are 
acicular  in  form,  whence  their  name.  But  in  the  Cactus  peru- 
vianus  (fig.  13.)  they  aie,  according  to  Tuipin,  found  in  the 
inside  of  the  bladders  of  cellular  tissue,  and,  instead  of  being 
needle-shaped,  have  the  form  of  extremely  minute  conglomer- 
ated crystals,  which  are  rectangular  prisms  with  tetraedral 
summits,  some  with  a  square,  others  with  an  oblong  base. 
Crystals  of  a  similar  figure  have  been  remarked  by  the  same 
observer  in  Rheum  palmatum  (fig.  12.);  and  their  presence, 
according  to  him,  is  sufficient  to  distinguish  samples  really 
from  China  and  Turkey,  from  those  produced  in  Europe. 
The  former  abound  in  these  crystals,  the  latter  have  hardly 
any. 

The  account  given  by  Raspail  is  something  different  from 
this.  He  asserts  that  raphides  are  never  found  either  in  Cac- 
tus or  elsewhere  in  the  inside  of  the  bladders  of  cellular  tissue, 
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but  are  exclusively  placed  in  the  intercellular  passages.  The 
slender  kind  (fig.  14.)  he  states  to  be  crystals  of  phosphate  of 
lime,  from  tV  to  3^0  of  a  millimetre  in  length,  and  to  be  in 
reality  six-sided  prisms,  terminated  at  each  end  by  a  pyramid 
with  the  same  base.  The  crystals  found  in  the  Cactus  and 
Rhubarb  (fig.  12.  and  13.),  he  says,  are  composed  of  oxalate 
of  lime ;  and  he  represents  them  to  be  right-angled  prisms, 
terminating  in  a  four-sided  pyramid.  {Nouv.  St/st.  de  ch.  org. 
p.  522.)  Mohl  differs  fi-om  this  statement.  He  says  that  ra- 
phides  are  never  six-sided  prisms,  as  Raspail  asserts ;  but  that 
they  are  right-angled  four-sided  prisms,  which  gradually  vanish 
into  points.  And  he  declares  that  Meyen  is  right  in  asserting 
that  the  raphides  are  constantly  formed  inside  the  bladders, 
and  never  in  the  interstitial  passages  of  cellular  tissue.  ( Anat. 
Palm.  p.  28.) 
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CHAPTER  II. 

OF    THE    COMPOUND    ORGANS    IN    FLOWERING    PLANTS. 

Having  now  explained  the  more  important  circumstances 
connected  with  modifications  in  the  elementary  organs  of 
vegetation,  the  next  subject  of  enquiry  will  be  the  manner  in 
which  they  are  combined  into  those  masses  which  constitute 
the  external  or  compound  organs,  or  in  other  words  the  parts 
that  present  themselves  to  us  under  the  form  of  roots,  stems, 
leaves,  flowers,  and  fruit,  and  that  constitute  the  apparatus 
through  which  all  the  actions  of  vegetable  life  are  performed. 
In  doing  this,  I  shall  limit  myself  in  the  first  place  to  Flower- 
ing Plants  [Introduction  to  the  Natural  System,  p.  1.) ;  reserv- 
ing for  the  subject  of  a  separate  chapter  the  explanation  of 
some  of  the  compound  organs  of  Flowerless  plants  {ibid. 
p.  307.),  which  differ  so  much  in  structure  from  all  others,  as 
to  require  in  most  cases  a  special  and  distinct  notice. 

Sect.  I,      Of  the  Cuticle  and  its  Appendages. 

1.  Of  the  Cuticle. 

Vegetables,  like  animals,  are  covered  extei-nally  by  a  thin 
membrane  or  cuticle,  which  usually  adheres  firmly  to  the  cel- 
lular substance  beneath  it.  To  the  naked  eye  it  appears  like 
a  transparent  homogeneous  skin,  but  under  the  microscope  it 
is  found  to  be  traversed  in  various  directions  by  lines,  which, 
by  constantly  anastomosing,  give  it  a  reticulated  character. 
In  some  of  the  lower  tribes  of  plants,  consisting  entirely  of 
cellular  tissue,  it  is  not  distinguishable,  but  in  all  others  it  is 
to  be  found  upon  every  part  exposed  to  the  air,  except  the 
stigma  and  the  spongelets  of  the  roots.  It  is,  however,  as 
constantly  absent  from  the  surface  of  parts  which  live  under 
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water.  Its  usual  character  is  that  of  a  deUcate  membrane, 
but  in  some  plants  it  is  so  hard  as  almost  to  resist  the  blade 
of  a  knife,  as  in  the  pseudo-bulbs  of  certain  Orchideous  plants. 
The  most  usual  form  of  its  reticulations  is  the  hexagonal 
(Plate  III.  fig.  11.):  sometimes  they  are  exceedingly  uncer- 
tain in  figure;  often  prismatical ;  and  not  unfrequently  bounded 
by  sinuous  lines,  so  irregular  in  their  direction  as  to  give  the 
meshes  no  determinate  figure  (fig.  5.). 

Botanists  are  not  entirely  agreed  upon  the  exact  nature  of 
the  cuticle ;  while  the  greater  number  incline  to  the  opinion 
that  it  is  an  external  layer  of  cellular  tissue  in  a  dry  and 
compressed  state;  others,  among  whom  are  included  both 
Kieser  and  Amici,  consider  it  a  membrane  of  a  peculiar  na- 
ture, transversed  by  veins,  or  vasa  lymphatica. 

By  the  latter  it  is  contended,  that  the  sinuous  direction  of 
the  lines  in  many  cuticles  is  incompatible  with  the  idea  of  any 
thing  formed  by  the  adhesion  of  cellular  tissue ;  that  when  it 
is  once  removed,  the  subjacent  tissue  dies,  and  does  not  be- 
come cuticle  in  its  turn,  and  that  it  may  often  be  torn  up 
readily  without  laceration. 

On  the  other  hand,  it  is  replied,  that  the  reticulations  of 
the  cuticle  are  mostly  of  some  figure  analogous  to  that  of  cel- 
lular tissue,  and  that  the  sinuous  meshes  themselves  are  not  so 
different  as  to  be  incompatible  with  the  idea  of  a  membrane 
formed  of  adhering  bladders.  We  are  accvxstomed  to  see  so 
much  variety  in  the  mere  form  of  all  parts  of  plants,  tliat  an 
anomalous  configuration  in  cellular  tissue  should  not  surprise 
us.  The  lines,  or  supposed  lymphatic  vessels,  are  nothing 
more  than  the  united  sides  of  the  bladders,  and  are  altogether 
the  same  as  are  presented  to  the  eye  by  any  section  of  a  mass 
of  cellular  substance.  It  is  certain  that  the  cuticle  cannot  be 
removed  without  lacerating  the  subjacent  tissue,  with  however 
much  facility  it  may  be  sometimes  separable :  on  the  under 
surface  of  the  leaf  of  the  Box,  for  instance,  there  has  plainly 
been  some  tearing  of  the  tissue,  before  the  cuticle  acquired  the 
loose  state  in  which  it  is  finally  found.  If  the  subjacent  epi- 
dermis never  becomes  cuticle  when  the  latter  is  removed,  this 
is  no  reason  why  the  cuticle  itself  should  not  be  composed  of 
cellular  tissue;  for  it  is  an  axiom  in  vegetable  physiology?  that 
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a  part  once  fully  formed  is  incapable  of  any  subsequent  change. 
Thus,  pith  never  alters  its  dimensions,  after  the  medullary 
sheath  that  encloses  it  has  been  once  completed,  and  a  zone  of 
wood  never  contracts  or  expands  after  it  has  been  deposited : 
new  matter  may  be  added  to  any  part,  but  the  arrangement  of 
the  tissue,  once  fixed,  remains  unchangeable. 

The  principal  argument,  however,  in  favour  of  cuticle  being 
compressed  cellulai*  tissue,  is,  that  in  the  cuticle  of  many 
plants  the  cellular  state  is  distinctly  visible  upon  a  section 
(Plate  I.  fig.  2.  a) ;  that  it  even  consists  occasionally  of  several 
layers  of  bladders,  as  in  the  Oleander  and  many  epiphytes  of 
the  Orchis  tribe ;  and  that,  as  there  is  no  reason  to  doubt 
that  Nature  is  as  uniform  in  the  plan  upon  which  cuticle  is 
constructed  as  in  all  her  other  works,  in  those  cases  in  which 
the  cellular  structure  is  less  distinctly  visible,  we  are  never- 
theless justified  by  sound  philosophy  in  recognising  it ;  while, 
on  the  other  hand,  it  would  be  highly  unphilosophical  to  sup- 
pose that  the  cuticle  is  formed  in  some  plants  upon  one  plan, 
and  in  others  upon  a  totally  different  one.  It  may  be  farther 
remarked,  that  separable  cuticle  may  often  be  traced  into 
that  which,  being  younger,  is  both  inseparable  and  un- 
distinguishable  from  the  other  cellular  substance  with  which 
it  is  in  contact,  and  from  which  it  possesses  no  organic 
difference. 

There  is  some  reason  to  suppose  that  there  is  occasionally 
present,  on  the  outside  of  the  cuticle,  a  transparent,  very  deli- 
cate membrane,  having  no  organic  structure,  as  far  as  can  be 
discovered    with   the   most   powerful    microscopes.       Some- 
thing of  this  kind  has  been  noticed  by  Adolphe  Brongniart 
in  the  Cabbage  leaf;  an  analogous  structure  has  been  re- 
marked by  Henslow  in  the  Digitalis ;  and  I  have  found  it 
very  conspicuous  on  the  upper  side  of  the  leaves  of  Dionsea 
muscipula.      It  can  however  be  found  only  after  long  ma- 
ceration of  the  parts ;    and  consequently  we  are  uncertain 
whether    to  regard  it  as  organic,  which  is  not  probable,  or 
inorganic  like  the  cuticle  of  man,  and  caused  either  by  the 
decomposition  of  part  of  the   cuticle,  or  by   some  secretion 
from  it.     Adolphe  Brongniart  has  paid  some  attention  to  this 
subject  {Ann.  des.  Sc.  2  ser.  I.  65.),  and  finds  the  pellicle  by 
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no  means  uncommon ;  he  even  thinks  it  is  present  in  sub- 
mersed leaves,  and  imagines  that  it  overlies  the  stigma  in 
some  plants.  I,  however,  find  nothing  very  definite  in 
regard  to  this,  except  that  the  pellicle  often  exists,  and  that  it 
does  not  cover  the  stomates. 


2.   Of  Stomates. 

In  most  plants  the  cuticle  has  certain  openings  of  a  very 
peculiar  character,  which  appear  connected  with  respiration, 
and  which  are  called  Stomates,  or  Stomata.   (Plate  III.  passim.) 

Stomates  {Pores  of  the  epidermis  ;  Pores  corticaux,  allonges^ 
evaporatoires.,  or  grands  pores  ;  Glands  corticales,  miliaires,  or 
epidermoidales ;  Glanduloi  cutanece  ;  Oeffniingen  ;  Stomatia ;) 
are  passages  through  the  cuticle,  having  the  appearance  of 
an  oval  space,  in  the  centre  of  which  is  a  slit  that  opens  or 
closes  according  to  circumstances,  and  lies  over  a  cavity  in  the 
subjacent  tissue. 

There  is,  perhaps,  nothing  in  the  structure  of  plants  upon 
which  it  is  more  difficult  to  form  any  satisfactory  opinion 
than  these  stomates.  Malpighi  and  Grew,  the  latter  of  whom 
seems  first  to  have  figured  them  (t.  48.,  fig.  4.),  call  them 
openings  or  apertures,  but  had  no  exact  idea  of  their  struc- 
ture. Mirbel  also,  for  a  long  time,  considered  them  pores,  and 
figured  them  as  such  ;  admitting,  however,  that  he  suspected 
the  openings  to  be  an  optical  deception.  De  Candolle  enter- 
tains no  doubt  of  their  being  passages  through  the  cuticle. 
He  says  their  edge  has  the  appearance  of  a  kind  of  oval 
sphmcter,  capable  of  opening  and  shutting.  The  membrane 
that  surrounds  this  sphincter  is  always  continuous  with  that 
which  constitutes  the  network  of  the  cuticle  :  under  the  latter, 
and  in  the  interval  between  the  pore  and  the  edge  of  the 
sphincter,  are  often  found  molecules  of  adhesive  green  matter 
{Organogr.  i.  80.)  ;  and  recently  Adolphe  Brongniart,  in  his 
beautiful  figures  of  the  anatomy  of  leaves,  would  seem  to  have 
settled  the  question  beyond  all  dispute,  {Annales  des  Sciences, 
vol.  xxi.)  Nevertheless  there  are  anatomists  of  high  reputation 
who  entertain  a  direcdy  opposite  opinion ;  denying  the  ex- 
istence  of  passages,  and  considering  the  stomates  rather  in 
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the  lio-ht  of  glands.  Necs  von  Esenbeck  and  Link  deny  the 
existence  of  any  perforation  in  the  stomates,  and  consider 
that  the  supposed  opening  is  a  space  more  pelkicid  than  the 
surrounding  tissue,  and  that  what  seems  a  closed  up  slit  is  the 
thickened  border  of  the  space.  Link  further  adds,  that  the 
obscuration  of  the  centre  of  the  stomates  is  caused  by  a  pecu- 
liar secretion  of  matter,  as  is  plainly  visible  in  Baryosma 
serratum.  {Elementa,  p.  225.)  To  the  views  of  these  writers 
is  to  be  added  the  testimony  of  Brown  {Suppl.  prim.  Prodr. 
p.  L),  who  describes  the  stomates  as  glands  which  are  really 
almost  always  imperforate,  with  a  disk  formed  by  a  membrane 
of  greater  or  less  opaqueness,  and  even  occasionally  coloured ; 
at  the  same  time  he  speaks  of  the  disk  being,  perhaj^s^  some- 
times perforated. 

In  tlie  midst  of  such  conflicting  testimony,  an  observer 
necessarily  finds  much  difficulty  in  fixing  his  opinion. 

Li  no  plants  are  stomates  larger  than  in  some  Monocotyle- 
dons ;  they  are,  therefore,  the  best  subjects  for  examination 
for  general  purposes.  In  Crinum  amabile  they  evidently  con- 
sist of  two  kidney-shaped  bodies  filled  with  green  matter, 
lying  upon  an  area  of  the  cuticle  smaller  than  those  that  sur- 
round it,  and  having  their  incurved  sides  next  each  other. 
In  some,  at  the  part  where  the  kidney-shaped  bodies  come  in 
contact,  there  is  an  elevated  ridge,  dark,  as  if  filled  with  air, 
and  having  its  principal  diameter  distinctly  divided  by  a  line. 
(Plate  III,  fig.  H.)  In  this  state  the  stomate  is  at  rest :  but 
in  others  the  kidney-shaped  bodies  are  much  more  curved ; 
their  sides  are  more  separated  from  each  other  ;  and  there  is 
no  elevated  ridge  :  at  their  former  line  of  contact  there  is  an 
opening  so  distinct  and  wide  as  to  be  equal  to  half  the  dia- 
meter of  one  of  die  kidney-shaped  bodies  ;  tliis,  I  presume,  is 
the  stomate  open.  That  what  is  described  to  be  an  opening, 
is  really  so,  seems  to  be  demonstrated  by  the  following  tests  : 
— L  It  is  more  transparent  than  any  part  of  the  most  trans- 
parent portion  of  the  cuticle ;  2.  It  admits  transmitted  light 
without  interruption  ;  as  is  seen  by  gradually  augmenting  the 
magnifying  power  by  which  it  is  viewed,  when  the  opening 
continues  transparent,  notwithstanding  the  great  loss  of  light 
that  attends  the   use   of  very  high  powers  in  compound  mi- 
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croscopes ;  and,  3.  None  of  those  arts  which  the  microscopic 
observer  knows  so  well  how  to  employ,  such  as  shifting,  aug- 
menting, or  decreasing  the  light,  interposing  moveable  sha- 
dows between  the  mirror  and  the  object,  and  the  like,  give 
the  least  indication  of  the  presence  of  any  membrane  across 
the  orifice  of  the  stomate.  I  therefore  conclude,  that,  in 
Crinum  amabile,  the  stomates  are  foi'med  by  two  elastic  kid- 
ney-shaped bladders,  lying  over  an  opening  in  the  middle  of 
a  contracted  area  of  cuticle ;  that  these  bladders,  when  ex- 
panded, meet,  and  press  powerfully  against  each  other,  like 
two  opposing  springs ;  thus  causing  the  elevated  ridge-like 
appearance  visible  in  the  axis  of  the  stomate  in  the  figure  above 
referred  to ;  and  that,  when  contracted,  they  curve  in  an 
opposite  direction,  separating  from  each  other,  and  ceasing 
to  close  up  the  aperture  over  which  they  lie.  If  it  were  pos- 
sible to  be  absolutely  certain  of  the  accuracy  of  this  description, 
the  structure  of  the  stomate  in  Crinum  amabile  might  be  safely 
taken  as  the  type  of  all  others ;  for,  no  doubt,  they  are  all 
constructed  upon  a  similar  plan.  Without  actually  asserting 
so  much  as  this,  it  may  be  stated,  that,  of  many  hundreds  of 
observations  I  have  made  upon  this  subject,  I  have  not  met 
with  any  thing  that  has  led  me  to  doubt  the  uniformity  of 
their  nature,  or  their  general  accordance  with  what  is  found 
in  Crinum  amabile,  whatever  that  may  be.  Or  at  least,  the 
only  difference  is  this,  that  while  the  two  bladders  that  form 
the  edges  of  the  aperture  are  distinctly  separated  at  their  ex- 
tremities in  this  plant,  they  are  often  confluent  in  others,  as 
in  Caladium  esculentum.  (Plate  III.  fig.  9.)  All  this  appears 
fully  confirmed  by  the  curious  observations  of  Mirbel,  who 
found  that  in  Marcliantia  the  stomates  are  formed  in  the  fol- 
lowing manner.  The  appearance  on  the  upper  surface  of  this 
plant  of  a  depression  with  four  or  five  bladders  arranged  in  a 
circle,  is  a  certain  sign  of  the  commencement  of  stomates. 
The  bottom  of  this  depression  at  a  certain  time  is  pierced  by 
a  large  square  hole,  either  by  the  destruction  of  a  central 
bladder,  or  by  the  separation  of  the  sides  of  four  or  five  blad- 
ders at  their  angles  nearest  the  centre  of  the  depression. 

Several    varieties    are    represented  at  Plate  III.,-  besides 
which,  stomates  have  been  noticed  by  Link  to  be  occasionally 
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quadrangular,  as  in  Yucca  gloriosa  (Plate  III.  fig.  10.),  and 
Agave  americana,  and  by  Brown  to  be  very  rarely  angular, 
of  which,  however,  no  instance  is  cited  by  that  botanist.  The 
former  case  is  one  in  which  the  quadrangular  figure  is  caused 
by  the  cellules  being  straight ;  I  am  not  aware  if  Brown  means 
the  same  thing.  I  have  never  been  so  fortunate  as  to  discover 
the  membrane  which  this  great  observer  describes  as  generally 
overlying  the  apertures ;  nor  do  I  know  of  any  other  botanist 
having  confirmed  that  observation.  It  cannot  be  the  pellicle 
already  described,  because  it  has  been  found  that  that  part 
never  overlies  the  stomates  (see  page  39.) 

Nerium  oleander  and  some  other  plants  have,  in  lieu  of 
stomates,  cavities  in  the  cuticle,  curiously  filled  up  or  pro- 
tected by  hairs.   (See  Annales  des  Sciences,  xxi.  438.) 

A  very  remarkable  state  of  the  same  organs  occurs  in  Ne- 
penthes ;  in  that  plant  there  are  stomates  of  two  kinds,  the 
one  oblong,  semitransparent,  and  almost  colourless,  with  nu- 
merous pellucid  globules  in  the  cavity  of  their  cells ;  the  other 
roundish,  much  more  opaque,  and  coloured  red.  The  latter 
do  not  communicate  immediately  with  internal  cavities  in  the 
parenchyma,  but  are  in  contact  with  an  internal  deep  brownish- 
red  gland,  the  lower  side  of  which  sometimes  appears  to  have 
six  regular  plane  faces  obliquely  resting  upon  a  central  face, 
or,  in  other  cases,  to  be  composed  of  six  cells  surrounding  a 
seventh,  all  being  filled  with  dark  red  colouring  matter.  The 
nature  and  use  of  these  glands,  and  of  the  stomates  that  ac- 
company them,  is  unknown.  Something  analogous  to  them 
is  met  with  in  Dionaa  muscipula,  and  jnay  perhaps  be  con- 
nected with  the  excessive  irritability  of  its  leaves.  If  the 
upper  surface  of  that  plant,  where  the  irritability  exclusively 
exists,  be  attentively  examined,  it  will  be  found  to  be  densely 
covered  with  minute  red  dots,  which  by  a  little  rubbing  in  water 
may  be  separated  from  the  cuticle.  These  dots  are  discoidal 
glands  originating  iqjon  roundish  green  stomates,  bearing  the 
same  relation  to  the  stomates  of  Dionaa  as  the  hexagonal  glands 
to  those  of  Nepenthes,  except  that  in  the  latter  the  glands  are 
below  the  cuticle,  and  in  the  former  they  are  on  its  outside. 
Each  gland  in  Dionaea  has  a  double  convex  form,  and  consists 
of  about  fourteen  bladders  at  the  circimiference.    It  is  probable 
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that  the  stomates  from  which  such  glands  arise  are  altogether 
imperfect ;  for  on  the  under  side  of  the  leaves  of  Dionaea  we 
find  other  stomates  of  the  usual  figure  and  character.  It  is, 
however,  worthy  of  remark,  that  here  also  there  exists  a  great 
many  imperfect  stomates  closed  up  by  tufts  of  hairs  springing 
from  their  orifice. 

Stomates  are  not  found  in  Mosses,  Fungi,  Algae,  or  Lichens 
(see  Introduction  to  the  Natural  System) ;  in  no  submersed  plants, 
or  submersed  parts  of  amphibious  plants ;  it  is  also  said,  not 
in  Monotropa  hj^opithys,  Neottia  nidus  avis,  and  Cuscuta 
europaea.  They  are  not  formed  in  the  cuticle  of  plants  growing 
in  darkness,  nor  upon  roots,  nor  the  ribs  of  leaves.  It  fre- 
quently happens  that  they  are  found  upon  one  surface  of  a 
leaf,  but  not  on  another,  and  generally  in  most  abundance 
on  the  under  side.  In  succulent  parts  they  are  neither  rare 
nor  wholly  wanting,  as  has  been  constantly  asserted;  but 
are,  on  the  contrary,  as  numerous  as  on  many  other  parts. 
They  may  be  generally  seen  upon  the  caljTc;  often  on  the 
corolla;  and  rarely,  but  sometimes,  upon  the  filaments,  an- 
thers, and  styles.  In  fruit,  they  have  only  been  noticed 
upon  such  as  are  membranous,  and  never  vipon  the  coat 
of  the  seed ;  they  exist,  however,  upon  the  surface  of  coty- 
ledons. 

Brown  thinks  that  the  uniformity  of  the  stomates,  in  figure, 
position,  and  size,  with  respect  to  the  meshes  of  the  cuticle,  is 
often  such  as  to  indicate  the  limits,  and  sometimes  the  affini- 
ties, of  genera,  and  of  their  natural  sections.  He  has  shown, 
with  his  usual  skill,  that  this  is  the  case  in  Proteacese.  He 
also  remarks,  that  on  the  microscopic  character  of  the  equal 
existence  of  stomates  on  both  surfaces  of  the  leaf  depends  that 
want  of  lustre  which  is  so  remarkable  in  the  forests  of  New 
Holland.      {Journal  of  the  Royal  Gcogr.  Society^  i.  21.) 

The  same  botanist  is  of  opinion,  that  the  two  glands,  or  ra- 
ther bladders,  of  which  a  stomate  is  composed,  are  each  analo- 
gous to  the  single  bladders  found  occupying  the  inner  face  of 
the  meshes  of  the  cuticle.  (Plate  iii.  fig.  9.)  See  the  Memoir 
on  the  impregnation  of  OrcliidecE.) 

The  following  table  of  the  proportion  of  stomates  on  the 
surface  of  various  organs  will  serve  to  give  some  idea  of  their 
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relative  abundance.  The  first  twenty-eight  cases  are  taken 
IVoni  Thomson's  Treatise  on  Vegetable  Physiology  in  the 
Library  of  Useful  Knowledge.  For  the  remainder  I  am 
answerable :  — 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
2G 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 


Names  of  the  plants  on  the  leaves  of 
which  the  stomates  have  been  counted. 


Andromeda  speciosa 
Arum  dracontium    . 
Alisma  Plantago 
Amaryllis  Josephinai     . 
Cobita  scandens 
Dianthus  Caryophyllus 
Daphne  Mezercum 
Epidendrum  .... 
Hypericum  grandiflorum 
Hydrangea  quercifolia 
Ga^rtnera    . 

Ilex 

Iris  germanica     . 
Olea  europa^a      .     . 
Paeonia      .... 
Pittosporum  Tobira 
Philadelphus  coronarius 

Pyrus 

Sempervivum  tectorum 
Syringa  vulgaris 
Rheum  palmatum    . 
Rudbeckia 
Ilumex  acetosa    .     . 
Theophrasta  . 
Tussilago  farfara 
Tradescantia  . 
Vitis  vinifera 
Viscum  album     .     . 
Viburnvnn  Tinus 
Prunus  Laurocerasus 
Crinum  amabile 
Stapelia  (stem)    .     . 
vVlstromeria    . 
Mesembryanthemum 
Aloe 


Yucca 

Cactus  speciosissimus  (stem) 


Number  of  stomates  on  one 
square  surface. 


inch 


On  upper 

On  under 

side. 

side. 

None 

32,000 

8000 

16,.320 

12,000 

6000 

31,500 

31,500 

None 

20,000 

38,500 

38,500 

None 

4000 

None 

4800 

None 

47,800 

None 

160,000 

1000 

142,750 

None 

63,600 

11,572 

11,572 

None 

57,600 

None 

13,790 

None 

160,000 

None 

20,000 

None 

24,000 

10,710 

6000 

None 

160,000 

1000 

40,000 

8000 

41,000 

11,088 

20,000 

None 

172,032 

1200 

12,500 

2000 

2000 

None 

13,600 

200 

200 

None 

90,000 

None 

90,000 

20,000 

20,000 

None 

20,000 

30,000 

40,000 

25,000 

20,000 

40,000 

40,000 

On  both. 

24,320 
18,000 
63,000 


77,000 


143,750 


23,144 


41,000 
49,000 
31,088 

13,700 
4000 

400 


40,000 
15,000 

70,000 
45,000 
80,000 
15,000 
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The  surface  of  the  cuticle  is  either  perfectly  smooth,  or  fur- 
nished with  niuuerous  processes,  consisting  of  cellular  tissue  in 
different  states  of  combination,  which  may  be  arranged  under 
the  heads  of  hairs,  scales,  glands,  and  prickles.  All  these  ori- 
ginate either  directly  from  the  cuticle,  or  from  the  cellular 
substance  beneath  it;  never  having  any  communication  with 
the  vascular  or  ligneous  system. 

In  Nepenthes  the  cuticle  in  the  inside  of  the  pitchers  is 
pierced  by  a  great  number  of  holes,  each  of  which  is  closed 
up  by  a  firm  thick  disk  of  small  cellular  tissue,  deep  bi'own  in 
colour,  and  connected  with  the  cavernous  parenchyma  of  the 
pitcher.  Besides  these.  Nepenthes  has  also  stomates,  the  cu- 
rious structure  of  which  has  been  already  described. 

3.  Of  Hairs. 

These  {Jig.lb.)ave  minute, 
transparent,  filiform,  acute 
processes,  composed  of  cel- 
lular tissue  mo''e  or  less  elon- 
gated, and  arranged  in  a  single  row.  They  are  found  occa- 
sionally upon  every  part  of  a  plant,  even  in  the  cavities  of  the 
petiole  and  stem,  as  in  Nymphasa  and  other  aquatic  plants. 
In  the  Cotton  Plant  (Gossypium  herbaceum,  &c.)  they  form 
the  substance  which  envelopes  the  seeds,  and  is  wrought  into 
linen;  in  the  Cowhage  (Mucuna  urens  and  pruriens),  it  is 
they  that  produce  the  itching ;  and  in  the  Palm  tribe  they  are 
the  long,  entangled,  soft,  strangulated  filaments  that  are  used 
for  tinder.  They  vary  extremely  in  length,  density,  rigidity, 
and  other  particulars ;  on  which  account  they  have  given  the 
following  names  to  the  surface  on  which  they  grow :  — 

Down  or  Pubescence  {picbes,  adj.  jmbescens),  when  they  form 
a  short  soft  stratum,  which  only  partially  covers  the  cuticle, 
as  in  Geranium  molle. 

Hairiness  {hirsuties,  adj.  hirsutus),  when  they  are  rather 
longer  and  more  rigid,  as  in  Galeopsis  Tetrahit. 

Pilosity,  when  they  are  long,  soft,  and  erect,  as  in  Daucus 
Carota. 
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Villosity  (adj.  villosus),  when  they  are  very  long,  very  soft, 
erect,  and  straight,  as  in  Epilobium  hirsutum.  Crini  (adj. 
crinitus)  are  this  variety  in  excess. 

Velvet  {velumen,  adj.  vdiitinus),  when  they  are  short,  very 
dense  and  soft,  but  rather  rigid,  and  forming  a  surface  hke 
velvet,  as  in  many  Lasiandras. 

Tomentum  (adj.  tomentosiis),  when  they  are  entangled,  and 
close  pressed  to  the  stem,  as  in  Geranium  rotundifolium. 

Cili(S  (adj.  ciliatus),  when  long,  and  forming  a  fringe  to  a 
margin,  like  an  eyelash,  as  in  Sempervivum  tectorum. 

Bi'istles  [setcB,  adj.  sctosus),  when  short  and  stiff,  as  on  the 
stems  of  Echium. 

Stings  {stimulu  adj.  stimidans;  pili  suhulati  of  De  Candolle), 
when  stiff  and  pungent,  giving  out  an  acrid  juice  if  touched, 
as  in  the  Nettle. 

Glandular  hairs  {pill  capitati),  when  they  are  tipped  with 
a  glandular  exudation,  as  in  Primula  sinensis.  These  must 
not  be  confounded  with  stalked  glands. 

Hooks  {haini,  unci,  rostella),  when  curved  back  at  the  point, 
as  in  the  nuts  of  Myosotis  Lappula. 

Barbs  {glochis,  adj.  glochidatus),  if  forked  at  the  apex,  both 
divisions  of  the  fork  being  hooked,  as  in  the  nuts  of  the  same 
plant. 

Hairs  also  give  the  following  names  to  the  surface  of  any 
thing :  — 

Silkg  {sericeus),  when  they  are  long,  very  fine,  and  pressed 
closely  to  the  sm-face,  so  as  to  present  a  sublucid  silky 
appearance :  ex.  Protea  argentea. 

Arachnoid,  when  very  long,  and  loosely  entangled,  so  as 
to  resemble  cobweb :  ex.  Calceolaria  arachnoidea. 

Mandate,  when  interwoven  into  a  mass  that  can  be  easily 
separated  from  the  surface :  ex.  Cacalia  canescens,  Bupleurum 
giganteum. 

Bearded  {harbatus),  when  the  hairs  are  long,  and  placed 
in  tufts :  ex.  the  lip  of  Chelone  barbata. 

Rough  [asper),  when  the  surface  is  clothed  with  hairs, 
the  lower  joint  of  which  resembles  a  little  bulb,  and  the  upper 
a  short  rigid  bristle :  ex.  Borago  officinalis. 

Stellate,  or  starry,  when  the  hairs  grow  in  tufts  from  the 
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surface,  and  diverge  a  little  from  their  centre,  as  in  the  Mal- 
low tribe.  It  is  hairs  of  this  description  that  close  up  the 
abortive  stomates  upon  the  under  side  of  the  leaves  of  Dionsea 
muscipula. 

Hairs  are  either  formed  of  a  single  cell  of  cellular  tissue 
(Plate  I.  fig.  8.  b),  or  of  several  placed  end  to  end  in  a  single 
series  (Plate  I.  fig.  a,  b.),  whence,  if  viewed  externally,  they 
have  the  appearance  of  being  divided  internally  by  transverse 
partitions.  They  are  sometmies  branched  into  two  or  three 
forks  at  the  extremity,  as  in  Alyssum,  some  species  of  Apar- 
gia,  &c.  Occasionally  they  emit  little  branches  along  their 
whole  length :  when  such  branches  are  very  short,  the  hairs 
are  said  to  be  toothed  or  toothletted,  as  in  the  fruit  of  Torilis 
Anthriscus;  when  they  are  sometliing  longer,  the  hairs  are 
called  branched,  as  in  the  petioles  of  the  gooseberry ;  if  longer 
and  finer  still,  the  term  is  pinnate,  as  in  Hieracium  Pilosella; 
if  the  branches  are  themselves  pinnate,  as  in  Hieracium  undu- 
latum,  the  hairs  are  then  said  to  be  plumose.  It  sometimes 
happens  that  little  branchlets  are  produced  op  one  side  only 
of  a  hair,  as  on  the  leaves  of  Siegesbeckia  orientalis,  in  which 
case  the  hair  is  called  one-sided  (seaindatus) ;  very  rarely  they 
appear  upon  the  articulations  of  the  hair,  which  in  that  case  is 
called  ganglioneous.  (Plate  I.  fig.  9.  Verbascum  Lychnitis) : 
the  poils  en  goupillon  of  De  Candolle  are  referable  to  this  form. 
Besides  these,  there  are  many  other  modifications :  hairs  are 
conical,  cylindrical,  or  moniliform,  thickened  slightly  at  the 
articulations  (tondose),  as  in  Lamium  album,  or  much  en- 
larged at  the  same  point  {nodulose),  as  in  the  calyx  of  Achy- 
ranthes  lappacea. 

Hairs  are  sometimes  said  to  be  Jixed  by  their  middle 
(Plate  I.  fig.  10.  c);  a  remarkable  structure,  common  to  many 
different  genera ;  as  Capsella,  Malpighia,  Indigofera,  &c. 
This  expression,  however,  like  many  others  commonly  used 
in  botany,  conveys  a  false  idea  of  the  real  structure  of  such 
hairs.  They  are  in  reality  formed  by  an  elevation  of  one 
bladder  of  the  cuticle  above  the  level  of  the  rest,  and  by  the 
developement  of  a  simple  hair  from  its  two  opposite  sides. 
Such   would   be    more    correctly    named    divaricating   hairs. 
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Wlicii  the  central  bladder  has  an  unusual  size,  as  in  Mal- 
pighia,  these  hairs  are  called  j^oils  en  navette  {pill  Malpighiacei) 
by  De  Candolle,  and  when  the  central  bladder  is  not  very 
apparent,  />o^75  en  fausse  navette  {pili  ' Jjseudo-Maljnghiacei, 
hiacumiuati),  as  in  Indigofera,  Astragalus  asper,  &c.  In 
many  plants  the  hairs  grow  in  clustei's,  as  in  Malvaceae,  and 
are  occasionally  united  at  their  base :  such  are  called  stellate^ 
and  are  frequently  peculiar  to  certain  natural  orders.  (Plate  I. 
fig.  10.  a.) 

All  these  varieties  belong  to  one  or  other  of  the  two  princi- 
pal kinds  of  hairs ;  viz.  the  Lymphatic  and  the  Secreting.  Of 
these,  lymphatic  hairs  consist  of  tissue  tapering  gradually  from 
the  base  to  the  apex;  and  secreting^  of  cellules  visibly  distended 
either  at  the  apex  or  base  into  receptacles  of  fluid.  Mal- 
pighiaceous  and  glandular  hairs,  stings,  and  those  which  cause 
asperity  on  the  surface  of  any  thing,  belong  to  the  latter; 
almost  all  the  other  varieties  to  the  former. 

When  hairs  arise  from  one  surface  only  of  any  of  the 
appendages  of  the  axis,  it  is  almost  always  from  the  under 
surface;  but  the  seed  leaves  of  the  nettle,  and  the  common 
leaves  of  Passerina  hirsuta,  are  mentioned  by  De  Candolle  as 
exceptions  to  this  rule :  certain  states  of  Rosa  canina  might 
also  be  mentioned  as  exliibiting  a  similar  phenomenon.  When 
a  portion  only  of  the  surface  of  any  thing  is  covered  by  hairs, 
that  portion  is  uniformly  the  ribs  or  veins.  According  to 
De  Candolle,  hairs  are  not  found  either  upon  true  roots,  ex- 
cept at  the  moment  of  germination,  nor  upon  any  part  of  the 
stem  that  is  formed  under  ground,  nor  upon  any  parts  that 
grow  under  water. 

4.  Of  Scurfiness. 

ScuRFiNESS  consists  of  thin  flat  membranous  processes, 
formed  of  cellular  tissue  springing  from  the  cuticle.  They 
may  be  considered  as  hairs  of  a  higher  order, — as  organs  of 
the  same  nature,  but  more  developed  ;  for  they  differ  from 
hairs  only  in  their  degree  of  composition.  They  are  of  two 
kinds,  Scurfs  properly  so  called,  and  liamenta. 

Scurfs,  properly  so  called,  are  the  small,  roundish,  flattened, 
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particles  which  give  a  leprous  appearance  to  the  surface  of 
certain  plants,  as  the  Elasagnus  and  the  Pine  Apple.  (Plate  I. 
fig.  10.  b.)  They  consist  of  a  thin  transparent  membrane, 
attached  by  its  middle,  and,  owing  to  the  imperfect  union, 
towards  its  circumference,  of  the  cellular  tissue  of  which  it  is 
composed,  having  a  lacerated  irregular  margin.  A  scale  of 
this  nature  is  called  in  Latin  composition  lepis,  and  a  surface 
covered  by  such  scales  lepidotus  —  not  squamosus,  which  is 
only  applied  to  a  surface  covered  with  the  rudiments  of  leaves. 
Scurfs  are  the  polls  en  ecusson  {pili  scutati)  of  De  Candolle. 

Ramenta  {VaginellcB)  are  thin,  browTi,  foliaceous  scales, 
appearing  sometimes  in  gi'eat  abundance  upon  young  shoots. 
They  are  particularly  numerous,  and  highly  developed,  upon 
the  petioles  and  the  backs  of  the  leaves  of  Ferns.  They  con- 
sist of  cellular  tissue  alone,  without  any  vascular  cords,  and 
are  known  from  leaves  not  only  by  their  anatomical  structure, 
but  also  by  their  irregular  position,  and  by  the  absence  of  buds 
from  their  axils.  The  student  must  particularly  remark  this, 
or  he  will  confound  with  them  leaves  having  a  ramentaceous 
appearance,  such  as  are  produced  upon  the  young  shoots  of 
Pinus.  Link  remarks,  that  they  are  very  similar  in  structure 
to  the  leaves  of  mosses.  The  term  striga  has  occasionally  been 
applied  to  them  {Dec.  Theor.  Elem.  ed.  2.  376.  Link,  Elem. 
240.) ;  but  that  word  was  employed  by  Linnfeus  to  designate 
any  stiff  bristle-like  process,  as  the  spines  of  the  Cactus,  the 
divaricating  hairs  of  Malpighia,  and  the  stiff  stellated  hairs  of 
Hibiscus.  So  vague  an  application  of  the  term  is  very  properly 
avoided  at  the  present  day,  and  the  substantive  is  rejected 
from  modern  glossology;  the  adjective  term  strigose  is,  how- 
ever, occasionally  still  employed  to  express  a  surface  covered 
with  stiff  hairs. 

5.  Of  Glands. 

Glands  are  small  collections  of  firm  cellular  tissue,  which 
is  often  much  harder  and  more  coloured  than  that  which  sur- 
rounds it.     They  are  of  several  kinds. 

Stalked  glands  are  elevated  on  a  stalk  which  is  either  simple 
or  branched :  they  secrete  some  peculiar  matter  at  their  ex- 
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tremities,  and  are  often  confounded  with  the  glandular  hairs 
above  described,  from  which  they  have  been  well  distinguished 
by  Link.  According  to  that  botanist,  they  are  either  simple 
or  compound ;  the  former  consisting  of  a  single  cell,  and 
placed  upon  a  hair  acting  as  a  simple  conduit,  occasionally  in- 
terrupted by  divisions ;  the  latter  consisting  of  several  cells, 
and  seated  upon  a  stalk  containing  several  conduits,  formed 
by  rows  of  cellular  tissue.  They  are  common  upon  the  rose 
and  the  bramble,  in  which  they  become  very  rigid,  and  as- 
sume the  nature  of  aculei.  For  the  sake  of  distinguishing 
them  from  the  latter,  they  have  been  called  setce  by  Woods 
and  myself,  but  improperly  ;  they  are  also  the  aiguillons  of  the 
French.  In  Hypericum  they  abound  on  the  calyx  and  corolla 
of  some  species,  but  do  not  give  out  any  exudation  ;  they  con- 
tain, however,  a  deep  red  juice  within  their  cells.  In  some 
Jatrophas  they  are  much  branched ;  in  many  Diosmeae  they 
form  a  curious  hinnid  appendage  at  the  apex  of  the  stamens. 

Sessile  glands,  vemicce,  or  icarts,  are  produced  upon  various 
parts,  and  are  extremely  variable  in  figure.  In  Cassias,  they 
are  seated  upon  the  upper  edge  of  the  petiole,  and  are  usually 
cylindrical  or  conical ;  in  Cruciferous  plants  they  are  little 
rovmdish  shining  bodies,  arising  from  just  below  the  base  of 
the  ovary ;  in  the  leafless  Acacias  they  are  depressed,  with  a 
thickened  rim,  and  placed  on  the  upper  edge  of  the  phyllo- 
dium ;  they  are  little  kidney-shaped  bodies  upon  the  petiole 
of  the  Peach  and  other  drupaceous  plants ;  and  they  assume 
many  more  appearances.  They  are  conunon  upon  the  petiole, 
as  in  Passiflora ;  they  are  also  found  upon  the  calyx,  as  in  some 
species  of  Campanula,  and  at  the  serratures  of  the  leaves, 
when  they  are  considered  by  Roper  [De  Florihus  Balsaminea- 
rum,  p.  1.5.)  to  be  abortive  ovules ;  and  they  appear  upon  the 
pericarp  and  the  skin  of  the  seed ;  in  the  latter  case  they  are 
called  spongiolcB  seminales  by  De  Candolle.  They  are  remark- 
able in  Diorujea  muscipula  for  growing  from  the  mouth  of  the 
stomates ;  and  in  Nepenthes  for  closing  up  the  same  organs  by 
forming  underneath  them.  (See  page  42.)  In  the  latter 
plant  they  are  found,  moreover,  in  the  form  of  hard  brown 
concretions,  lying  beneath  the  cuticle,  at  the  bottom  of  the 
pitchers.     In  figure  they  are  round,  oblong,  or  reniform,  and 
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occasionally  cupulate,  wlien  they  receive  the  name  of  glandes 
d  godet  {glandulce  urceolares)  from  some  French  writers. 
Warts  are  the  glandes  cellulaires  of  Mirbel ;  but  they  must  not 
be  confounded  with  the  glandes  vasculaires  of  the  same  writer, 
which  are  not  mere  excrescences  of  the  epidermis,  but  modifi- 
cations of  well  known  organs.  ( See  Discus,  further  on. )  The 
presence  of  minute  warts  upon  the  surface  of  a  leaf  gives  rise 
to  a  peculiar  kind  of  roughness  which  is  called  scabrities,  and 
such  a  sm'face  is  then  said  to  be  scabrous  (scaber) :  this  must 
not  be  confounded  with  asperity. 

Papillce  {Glandulce  utriculaires  of  Guettard)  are  minute 
transparent  elevated  points  of  the  cuticle,  filled  with  fluid,  and 
covering  closely  the  whole  surface  upon  which  they  appear. 
In  other  words,  they  are  elevated,  distended  bladders  of  the 
cuticle.  The  presence  of  papillae  upon  the  leaves  of  the  ice 
plant  gives  rise  to  the  peculiar  crystalline  nature  of  its  surface  ; 
they  also  cause  the  satiny  appearance  of  the  petals,  upon 
which  they  almost  ah^ays  exist  in  great  quantities.  Link  re- 
marks, that  the  petals  of  Plantago,  which  are  destitute  of  pa- 
pillae, are  also  without  the  usual  satiny  lustre  of  those  organs. 
Wlien  the  papillae  are  much  elongated  beyond  the  surface,  as 
in  many  stigmas,  of  which  they  form  the  collecting  fringes, 
they  receive  sometimes  the  name  oi  papules.  It  should  be  ob- 
served, that  in  De  Candolle's  Theorie  Elementaij-e,  these  two 
terms  are  transposed,  each  having  received  the  definition  be- 
longing to  the  other. 

Lenticular  glands  {Lenticelles  of  De  Candolle ;  Glandes 
lenticulaires  oi  Guettard;)  are  brown  oval  spots  found  upon 
the  bark  of  many  plants,  especially  willows  :  they  indicate  the 
points  fi-om  which  roots  will  appear  if  the  branch  be  placed 
in  circumstances  favourable  to  their  production.  Tliey  are 
considered  by  De  Candolle  to  bear  the  same  relation  to  the 
roots  that  buds  bear  to  young  branches.  {Premier  Mem.  sur 
ks  Lentic,  in  the  Ann.  des  Sciences  Naturelles.)  It  is,  how- 
ever, extremely  doubtful  whether  they  are  anything  more 
than  portions  of  the  bark,  either  disturbed  by  the  growth  of 
incipient  roots,    or    disorganised   by   some    other    unknown 
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6.  Of  Prickles. 

Prickles  (aculei)  are  rigid,  opaque,  conical  processes, 
formed  of  masses  of  cellular  tissue,  and  terminating  in  an 
acute  point.  They  may  be,  not  improperly,  considered  as 
very  compound  hardened  hairs.  They  have  no  connection 
with  the  woody  tissue,  by  which  character  they  are  obviously 
distinguished  from  spines,  of  which  mention  will  be  made  un- 
der the  head  of  branches.  Prickles  are  found  upon  all  parts 
of  a  plant,  except  the  stipules  and  stamens.  They  are  very 
rarely  found  upon  the  corolla,  as  in  Solanum  Hystrix;  their 
most  usual  place  is  upon  the  stem,  as  in  Rosa,  Rubus,  &c. 


Sect.  II.     Of  the  Stem  or  Ascending  Axis. 

When  a  plant  first  begins  to  grow  from  the  seed,  it  is  a 
little  body  called  an  embryo,  with  two  opposite  extremities, 
of  which  the  one  lengthens  in  the  direction  of  the  earth's 
centre,  and  the  other,  taking  a  direction  exactly  the  contrary, 
extends  upwards  into  the  air.  This  disposition  to  develope  in 
two  diametrically  opposite  directions  is  found  in  all  seeds, 
properly  so  called,  there  being  no  kno\^Ti  exception  to  it ;  and 
the  tendency  is  moreover  so  powerful,  that,  as  we  shall  here- 
after see  (Book  II.),  no  external  influence  is  sufficient  to  over- 
come it.  The  result  of  this  developement  is  the  axis,  or 
centre,  round  which  the  leaves  and  other  appendages  are  ar- 
ranged. That  part  of  the  axis  which  forces  its  way  down- 
wards, constantly  avoiding  light,  and  withdrawing  from  the 
influence  of  the  air,  is  the  descending  axis,  or  the  root ;  and 
that  which  seeks  the  light,  always  striving  to  expose  itself  to 
the  air,  and  expanding  itself  to  the  utmost  extent  of  its  nature 
to  the  solar  rays,  is  the  ascending  axis,  or  the  stem.  As  the 
double  elongation  just  mentioned  exists  in  all  plants,  it  follow^s 
that  all  plants  must  necessarily  have,  at  an  early  period  of 
their  existence  at  least,  both  stem  and  root;  and  that,  con- 
sequently, when  plants  are  said  to  be  rootless,  or  stemless, 
such  expressions  are  not  to  be  considered  physiologically 
correct. 
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The  Stem  has  received  many  names;  such  as  caudex 
ascendens,  caudex  irdermedius^  culmus,  stipes,  truncus,  and  truncus 
ascendens.  It  always  consists  of  bundles  of  vascular  and  woody 
tissue,  embedded  in  cellular  substance  in  various  ways,  and 
the  whole  enclosed  within  a  cuticle.  Tlie  manner  in  which 
these  parts  are  arranged  with  respect  to  each  other  will  be  ex- 
plained hereafter.  The  more  immediate  subject  of  consideration 
must  be  the  parts  that  are  common  to  all  stems. 


1.  Of  its  Parts. 

Where  the  stem  and  root,  or  the  ascending  and  descending 
axes  diverge,  there  commences  in  many  plants  a  difference 
of  anatomical  structure,  and  in  all  a  very  essential  physiolo- 
gical dissimilarity ;  as  will  be  hereafter  seen.  This  portion  of 
the  axis  is  called  the  neck  or  collum,  {coarcture  of  Grew,  noeud 
vital  oi  Lamarck,  limes  communis,  or  fundus  plantcB,  of  Jungius,) 
and  has  been  thought  by  some  to  be  the  seat  of  vegetable 
vitality ;  an  erroneous  idea,  of  which  more  will  be  said  in  the 
next  book.  At  first  it  is  a  space  that  we  have  no  difficulty  in 
distinguishing,  so  long  as  the  embryo,  or  young  plant,  has 
not  undergone  any  considerable  change;  but  in  process  of 
time  it  is  externally  obliterated ;  so  that  in  trees  of  a  few  years' 
growth  its  existence  becomes  a  matter  of  theory,  instead  of 
being  actually  evident  to  our  senses. 

Immediately  consequent  upon  the  growth  of  a  plant  is  the 
formation  of  leaves.  The  point  of  the  stem  from  whence  these 
arise  is  called  the  node  [geniculum,  Jungius),  and  the  space 
between  two  nodes  is  ca\[ed  am  internode  {merithallus,  Du  Petit 
Thouars).  In  internodes  the  arrangement  of  the  vascular  and 
woody  tissue,  of  whatever  nature  it  may  be,  of  which  they  are 
composed,  is  neai'ly  parallel,  or,  at  least,  experiences  no  hori- 
zontal interruption.  At  the  nodes,  on  the  contrary,  vessels 
are  sent  off  horizontally  into  the  leaf;  the  general  develope- 
ment  of  the  axis  is  momentarily  arrested  while  this  horizontal 
communication  is  effecting,  and  all  the  tissue  is  more  or  less 
contracted.  In  many  plants  this  contraction,  although  \% 
always  exists,  is  scarcely  appreciable ;  but  in  others  it  takea 
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place  in  so  remarkable  a  degree  as  to  give  their  stems  a  pecu- 
liar character ;  as,  for  instance,  in  the  Bamboo,  in  which  it 
causes  diaphragms  that  continue  to  grow  and  harden,  notwith- 
standing the  powerfully  rapid  horizontal  distension  to  which 
the  stems  of  that  plant  are  subject.  In  all  cases,  without 
exception,  a  leaf-bud  or  buds  is  formed  at  a  node  immediately 
above  the  base  of  the  leaf;  generally  such  a  bud  is  either 
sufficiently  apparent  to  be  readily  recognised  by  the  naked 
eye,  or,  at  least,  it  becomes  apparent  at  some  time  or  other : 
but  in  certain  plants,  as  Heaths,  the  buds  are  often  never 
discoverable ;  nevertheless,  they  always  exist,  in  however  ru- 
dimentary a  state,  as  is  proved  by  their  occasional  develope- 
ment  under  favourable  or  uncommon  circumstances.  By  some 
writers  nodes,  upon  which  buds  are  obviously  formed,  are 
called  compound,  or  artiphyllous ;  and  those  in  which  no  ap- 
parent buds  ai'e  discoverable,  are  named  simple,  or pleiophyllous : 
they  are  also  said  to  be  divided,  when  they  do  not  surround  the 
stem,  as  in  the  apple  and  other  alternate-leaved  genera;  or 
entire,  when  they  do  surround  it,  as  in  grasses  and  umbelliferous 
plants :  they  are  furtlier  said  to  be  jiervious,  Avhen  the  pith 
passes  through  them  without  interruption;  or  closed,  when  the 
canal  of  the  pith  is  interrupted,  as  if  by  a  partition.  Per- 
vious and  divided,  and  closed  and  entire  nodes,  usually  ac- 
company each  otlier.  For  other  remarks  upon  this  subject, 
see  Link's  Elementa. 

All  the  divisions  of  a  stem  are  in  general  terms  called 
branches  (rami) ;  but  it  is  occasionally  found  convenient  to 
designate  particular  kinds  of  branches  by  special  names. 
Thus,  the  twigs,  or  youngest  shoots,  are  called  ramuli,  or 
branchlets  {hrindilles  or  ramilles,  Fr.),  and  by  the  older  bo- 
tanists Jlagella  ;  the  assemblage  of  branches  which  forms  the 
head  of  a  forest  tree  is  called  the  coma  :  cyma  is  sometimes 
used  to  express  the  same  thing,  but  improperly.  Shoots 
which  have  not  completed  their  growth  have  received  the 
name  of  innovations,  a  term  usually  applied  in  mosses.  ^Vhen 
such  a  shoot  is  covered  with  scales  upon  its  first  appearance, 
as  the  Asparagus,  it  is  called  turio :  by  the  old  botanists  all 
such  shoots  were  named  asparagi.  When  a  shoot  is  long  and 
flexible,  it  receives  the  name  of  vimen.     This  word,  however, 
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is  seldom  used;  its  adjective  being  employed  instead:  thus, 
we  say,  rami  viminei,  or  caulis  vimmeus ;  and  not  vimen. 
From  this  kind  of  branch,  that  called  a  virffnte  stem,  caulis 
virf/atus,  differs  only  in  being  less  flexible  and  more  rigid.  A 
young  slender  branch  of  a  tree  or  shrub  is  sometimes  named 
virgultum.  Wlien  the  branches  diverge  nearly  at  right  angles 
from  the  stem,  they  are  said  to  be  hracliiate.  Small  stems, 
which  proceed  from  buds  formed  at  the  neck  of  a  plant 
without  the  previous  production  of  a  leaf,  are  called  cauliculi. 

Besides  these  terms,  Du  Petit  Thouars  employed  certain 
French  words  in  a  way  peculiar  to  himself.  The  first  young 
shoot  produced  during  the  year  by  a  tree,  he  named  scion; 
any  subsequent  shoots  formed  by  the  scion,  he  termed  ramilles; 
the  shoot  that  supports  the  scion  was  a  rameau ;  that  which 
supports  the  rameau  a  hranche  ;  and  the  trunk  which  bears  the 
whole  the  tronc.  Link  calls  a  stem  which  proceeds  straight 
from  the  earth  to  the  summit,  bearing  its  branches  on  its  sides, 
as  Pinus,  a  caulis  excurrens,  and  a  stem  which  at  a  certam 
distance  above  the  earth  breaks  out  into  irregular  ramifica- 
tions, a  caulis  deliquescens. 

From  the  constitution  and  ramifications  of  their  branches, 
plants  are  divided  into  trees,  shrubs,  and  herbs.  If  the 
branches  are  perennial,  and  supported  upon  a  trunk,  a  tree 
{arbor)  is  said  to  be  formed ;  for  a  small  tree,  the  term  arhus- 
culus  is  sometimes  employed.  When  the  branches  are  peren- 
nial, proceeding  directly  from  the  surface  of  the  earth  without 
any  supporting  trunk,  we  have  a  shrub  {frutex  or  arbustum, 
Lat.;  and  arbrisseau,  Fr.),  which  occasionally,  when  very  small, 
receives  the  diminutive  name  oi fruticulus.  If  a  shrub  is  low, 
and  very  much  branched,  it  is  often  called  dumosus  (subst. 
dumus)  :  this  kind  of  shrub  is  what  the  French  understand  by 
tlieir  word  buisson.  Tlie  suffrutex,  unde7'-sJmcb,  or  sous-arbris- 
seau,  differs  from  the  shrub,  in  perishing  annually,  either 
wholly  or  in  part ;  and  from  the  herb,  in  having  branches 
of  a  woody  texture,  which  frequently  exist  more  than  one 
year  :  such  is  the  Mignonette  (Reseda  odorota)  in  its  native 
country,  or  in  the  state  in  which  it  is  known  in  gardens  as  the 
Tree  Mignonette.  The  under-shrub  is  exacdy  intermediate 
between  the  shmb  and  the  herb.     All  plants  producing  shoots 
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of  annual  duration  from  the  surface  of  the  earth  are  called 
herbs. 

Some  botanists  distinguish  two  sorts  of  stems,  the  characters 
of  which  are  derived  from  their  mode  of  growth.  When  a 
stem  is  never  terminated  by  a  flower-bud,  nor  has  its  growth 
stopped  by  any  other  organic  cause,  as  in  Veronica  arvensis, 
and  all  perennial  and  arborescent  plants,  it  is  said  to  be  in- 
determinate ;  but  when  a  stem  has  its  growth  uniformly 
stopped  at  a  particular  period  of  its  existence  by  the  production 
of  a  terminal  bud,  or  by  some  such  cause,  it  called  determi- 
nate. The  capitate  and  verticillate  species  of  Mint  owe  their 
differences  to  causes  of  this  nature ;  the  stem  of  the  formei 
being  determinate,  the  latter  indeterminate. 

The  point  whence  two  branches  diverge  is  called  the  «xi4 
or,  in  old  botanical  language,  tlie  ala. 

Leaf-buds  {Gemma,  Linn.;  Bourgeon,  Fr.),  being  the  rudi- 
ments of  young  branches,  are  of  great  importance  in  regard 
to  the  general  structure  of  a  plant.     They  consist  of  scales 
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imbricated  over  each  other,  the  outermost  being  the  hardest 
and  thickest,  and  surrounding  a  minute  cellular  axis,  or  grow- 
ing point,  which  is  in  direct  communication  with  the  woody 
and  cellular  tissue  of  the  stem.  In  other  words,  they  may  be 
said  to  be  growing  points  covered  with  rudimentary  leaves  for 
their  protection,  and  to  consist  of  a  highly  excitable  mass  of 
cellular  substance  originating  in  the  pith,  and  having  a  special 
power  of  extension  in  length.     Under  ordinary  circmnstances, 
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the  gi'owing  point  clothes  itself  with  leaves  as  it  advances,  and 
then  it  becomes  a  branch ;  but  sometimes  it  simply  hardens  as 
it  grows,  and  forms  a  sharp  conical  projection  called  a  spine^ 
as  in  the  Gleditschia,  the  Sloe,  &c. 

The  spine  must  not  be  confounded  with  the  prickle  or 
aculeus  already  described,  from  which  it  differs  in  having  a 
considei'able  quantity  of  woody  tissue  in  its  structure,  and  in 
being  as  much  in  communication  with  the  central  parts  of  a 
stem  as  branches  themselves ;  while  prickles  are  merely  su- 
perficial conci'etions  of  hardened  cellular  tissue.  Spines 
occasionally,  as  in  the  Wliitethorn,  bear  leaves;  in  domesti- 
cated plants  they  often  entirely  disappear,  as  in  the  Apple  and 
Pear,  the  wild  varieties  of  which  are  spiny,  and  the  cultivated 
ones  spineless. 

We  ought  to  consider  the  spadix  of  the  Arum,  and  several 
forms  of  disk  hereafter  to  be  described,  as  moditications  of  the 
growing  point  of  the  bud,  and  consequently  as  analogous  to 
spines. 

Linnaeus  called  the  bud  Hyhernaculum,  because  it  serves  for 
the  winter  protection  of  the  young  and  tender  parts ;  and  dis- 
tinguished it  into  the  Gemma,  or  leaf-bud  of  the  stem,  and  the 
Bulb,  or  leaf-bud  of  the  root. 

The  leaf-bud  has  been  compared  by  Du  Petit  Thouars  and 
some  other  botanists  to  the  embryo,  and  has  even  been  deno- 
minated d,  fixed  embryo.  This  comparison  must  not,  however, 
be  understood  to  indicate  any  positive  identity  between  these 
two  parts  in  structure,  but  merely  an  analogous  function,  both 
being  formed  for  the  purpose  of  reproduction ;  but  in  origin 
and  structure  they  are  entirely  different.  The  leaf-bud  con- 
sists of  both  vascular  and  cellular  tissue,  the  embryo  of  cellu- 
lar tissue  only :  the  leaf-bud  is  produced  without  fertilization, 
to  the  embryo  this  is  essential :  finally,  the  leaf-bud  perpetu- 
ates the  individual,  the  embr5fo  continues  the  species. 

The  usual,  or  normal,  situation  of  leaf-buds  is  in  the  axil  of 
leaves ;  and  all  departure  from  this  position  is  either  irregular 
or  accidental.  Botanists  give  them  the  name  of  regular  when 
they  are  placed  in  their  normal  station,  and  they  call  all 
others  latent  or  adventitious.  The  latter  have  been  found  in 
almost  every  part  of  plants ;    the  roots,  the  internodes,  the 
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petiole,  the  leaf  itself,  have  all  been  remarked  producing 
them.  On  the  leaf  they  usually  proceed  from  the  margin,  as 
in  Malaxis  paludosa,  where  they  form  minute  granulations, 
first  determined  to  be  buds  by  Henslow,  or  as  in  Bryophyl- 
lum  calycinum  and  Tellima  grandiflora ;  but  they  have  been 
seen  by  Turpin  proceeding  from  the  surface  of  the  leaf  of 
Ornithogalum.     (Fig.  18.) 


We  are  wholly  unacquainted  with  the  cause  of  the  forma- 
tion of  leaf-buds ;  all  we  know  is.  that  they  proceed  exclu- 
sively from  cellular  tissue ;  and  if  produced  on  the  stem,  from 
the  mouths  of  medullary  rays.  It  would  seem  as  if  certain 
unknown  forces  were  occasionally  so  exerted  upon  a  bladder 
as  to  stimulate  it  into  a  preternatural  degree  of  activity,  the 
result  of  which  is  the  production  of  vessels,  and  the  formation  of 
a  nucleus  having  the  power  of  lengthening.  There  is,  indeed, 
an  opinion,  which  I  believe  is  that  of  Mr.  Knight,  that  the 
sap  itself  can  at  any  time  generate  buds  without  any  previously 
formed  rudiment ;  and  that  they  depend,  not  upon  a  specific 
alteration  of  the  arrangement  of  the  vascular  system,  called 
into  action  by  particular  circumstances,  but  upon  a  state  of  the 
sap  favourable  to  their  creation.  In  proof  of  this  it  has  been 
said,  that  if  a  bud  of  the  Prunus  Pseudo-cerasus,  or  Chinese 
Cherry,  be  inserted  upon  a  cherry  stock,  it  will  grow  freely, 
and  after  a  time  will  emit  small  roots  from  just  above  its 
union  with  the  stock ;  at  the  time  when  these  little  roots  are 
formed,  let  the  shoot  be  cut  back  to  within  a  short  dis- 
tance of  the  stock,  and  the  little  roots  will  then,  in  conse- 
quence of  the  great  impulsion  of  sap  into  them,  become 
branches  emitting  leaves. 
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The  leaf-buds  of  the  deciduous  trees  of  cold  climates  are 
covered  by  scales,  which  are  also  called  tegmenta  ;  these  afford 
protection  against  cold  and  external  accidents,  and  vary  much 
in  texture,  thickness,  and  other  characters.  Thus,  in  the 
Beech,  the  scales  are  thin,  smooth,  and  dry ;  in  many  Willows 
they  are  covered  with  a  tliick  down ;  in  Populus  halsamifera 
they  exude  a  tenacious  viscid  juice.  In  herbaceous  plants 
and  trees  of  climates  in  which  vegetation  is  not  exposed  to 
severe  cold,  the  leaf-buds  have  no  scales ;  which  is  also,  but 
very  rarely,  the  case  in  some  northern  shrubs,  as  Rhamnus 
Frangula. 

The  scales  of  the  bud,  however  dissimilar  they  may  be  to 
leaves    in    their    ordinary    appearance,    are    nevertheless,    in 
reality,  leaves  in  an  miperfectly  formed  state.  .  They  are  the 
last  leaves  of  the  season,  developed  at  a  period  when  the  cur- 
rent of  vegetation  is  stopping,  and  when  the  vital  powers  have 
become  almost  torpid.     That  such  is  really  their  nature  is 
apparent  from  the  gradual  transition  from  scales  to  perfect 
leaves  that  occurs  in  sucli  plants  as  Viburnum  prunifolium, 
Magnolia  acuminata,  Liriodendron  tulipifera,  and  ^JEsculus 
Pavia ;  in  the  latter  the  transition  is,  perhaps,  most  satisfac- 
torily manifested.     In  this  plant  the  scales  on  the  outside  are 
short,  hard,  dry,  and  brown  ;    those  next  them  are  longer, 
greenish,  and  delicate ;  within  these  they  become  dilated,  are 
slightly  coloured  pink,  and  occasionally  bear  a  few  imperfect 
leaflets  at  their  apex ;  next  to  them  are  developed  leaves  of 
the  ordinary  character,  except  that  their  petiole  is  dilated  and 
membi'anous  like  the  inner  scales  of  the  bud;  and,  finally, 
perfectly  formed  leaves  complete  the  series  of  transitions. 

Among  the  varieties  of  root  is  sometimes  classed  what 
botanists  call  a  hulh ;  a  scaly  body,  formed  at  or  beneath  the 
surface  of  the  ground,  emitting  roots  from  its  base,  and  pro- 
ducing a  stem  from  its  centre.  Linnaeus  considered  it  the 
leaf-bud  of  a  root ;  but  in  this  he  was  partly  mistaken,  roots 
being  essentially  characterised  by  the  absence  of  buds.  He 
was,  however,  perfectly  correct  in  identifying  it  with  a  leaf- 
bud.  A  bulb  has  the  power  of  propagating  itself  by  deve- 
loping in  the  axils  of  its  scales  new  bulbs,  or  what  gardeners 
call  cloves,  {Cmjeu,  French;    Nucleus   and  Adnascens  of  the 
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older  botanists;  Adnatitm  of  Richard;)  which  grow  at  the  ex- 
pense of  their  parent  bulb,  and  eventually  destroy  it.  Every 
true  bulb  is,  therefore,  necessarily  formed  of  imbricated  scales, 
and  a  solid  bulb  has  no  existence.  The  bulhi  solidi,  as 
they  have  been  called,  of  the  Crocus,  the  Colchicum,  and 
others,  are,  as  we  shall  hereafter  see  (see  Cormus),  a  kind  of 
subterranean  stem :  they  are  distinct  from  the  bulb  in  being, 
not  an  imbricated  scaly  bud,  but  a  solid  fleshy  stem,  itself 
emitting  buds.  It  has  been  supposed  that  they  were  buds, 
the  scales  of  which  had  become  consolidated ;  but  this  hj^o- 
thesis  leads  to  this  very  inadmissible  conclusion, — that  as  the 
cormus  or  solid  bulb  of  a  Crocus  is  essentially  the  same,  ex- 
cept in  size  and  situation,  as  the  stem  of  a  Palm,  the  stem  of 
a  Palm  must  be  a  solid  bulb  also,  which  is  absurd.  In  truth, 
the  bulb  is  analogous  to  the  bud  that  is  seated  upon  the  cor- 
mus, and  not  to  the  cormus  itself;  a  bulb  being  an  enlarged 
subterranean  bud  without  a  stem,  the  cormus  a  subterranean 
stem  with  buds  on  its  surface. 


20 


21 


22 


Of  the  bulb,  properly  so  called,  there  are  two  kinds. 

1.  The  tunicatcd  hidb  (fig.  20.),  of  which  the  outer  scales  are 
thin  and  membranous,  and  cohere  in  the  form  of  a  distinct 
covering,  as  in  the  onion;  and,  2.  the  naked  bulb  {Bulbus 
squamosus)  (fig.  21.  22.),  in  which  the  outer  scales  are  not 
membranous  and  united,  but  distinct  and  fleshy  like  the  inner 
scales,  as  in  Lilium.  The  outer  covering  of  a  bulb  of  the 
first  kind  is  called  the  tunic. 
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Besides  the  bulbs  properly  so  called,  there  are  certain 
leaf-buds,  developed  upon  stems  in  the  air,  and  separating 
spontaneously  from  the  part  that  bears  them,  which  are  alto- 
gether of  the  nature  of  bulbs.  Such  are  found  in  Lilium 
tigrinum,  some  Alliums,  &c.  They  have  been  called  bulhilli, 
propagines,  sautilles,  bacilli,  &;c.  Care  must  be  taken  not  to 
follow  some  botanists,  in  confounding  with  them  the  seeds  of 
certain  Amaryllideae,  which  have  a  fleshy  coat;  but  which, 
with  a  vague  external  resemblance  to  bulbs,  have  in  every  re- 
spect the  structure  of  genuine  seeds. 

The  tegmenta^  or  scales  of  the  bud,  have  received  the  fol- 
lowing names,  according  to  the  part  of  the  leaf  of  which  they 
appear  to  be  a  transformation ;  such  terms  are,  however,  but 
seldom  employed :  — 

1.  Foliacea,  when  they  are  abortive  leaves,  as  in  Daphne 
Mezereum. 

2.  Petiolacea,  when  they  are  formed  by  the  persistent  base 
of  the  petiole,  as  in  Juglans  regia. 

3.  Stipulacea,  when  they  arise  from  the  union  of  stipules, 
which  roll  together  and  envelope  the  young  shoot,  as  in  Car- 
pinus,  Ostrya,  Magnolia,  &c. 

4.  Fulcracea,  when  they  are  formed  of  petioles  and  stipules 
combined,  as  in  Prunus  domestica,  &c.  —  {Rich.  Nouv.  Elem. 
134.  ed.  3.) 

The  m.anner  in  which  the  young  leaves  are  arranged  within 
the  leaf-bud  is  cdWeA  foliation,  or  vernation.  The  names  applied 
to  the  various  modifications  of  this  will  be  explained  in 
Glossolog}^ ;  they  are  of  great  practical  importance  both  for 
distinguishing  species,  genera,  and  even  natural  orders ; 
but  have,  nevertheless,  received  very  little  general  atten- 
tion. The  vernation  of  Prunus  Cerasus  is  conduplicate ;  of 
Prunus  domestica,  convolute;  of  Filices  and  Cycadeae,  circinate, 
and  so  on. 

2.  Of  its  External  Modifications. 

It  has  already  been  stated,  that  the  first  direction  taken  by 
the  stem  immediately  upon  its  developement  is  upwards  into 
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the  air.  While  this  ascending  tendency  is  by  many  plants 
maintained  during  the  whole  period  of  their  existence,  by 
others  it  is  departed  from  at  an  early  age,  and  a  horizontal 
course  is  taken  instead;  while  also  free  communication  with 
liofht  and  air  is  essential  to  most  stems,  others  remain  durins 
all  their  lives  buried  inider  ground,  and  shun  rather  than  seek 
the  light.  From  these  and  other  causes,  the  stems  of  plants 
assume  a  number  of  different  states,  to  which  botanists  attach 
particular  terms.  It  will  be  most  convenient  to  divide  the 
subject  into  the  varieties  of — 

1.  T^he  subterraneaJi  stem ;  and, 

2.  The  aerial  stem. 

The  SUBTERRANEAN  Stem,  often  called  souche  by  the  French, 
was  confounded  by  all  the  older  botanists,  as  it  still  is  by  the 
vulgar,  with  the  root,  to  which  it  bears  an  external  resem- 
blance, but  from  which  it  is  positively  distinguished  both 
by  its  ascending  origin,  and  by  its  anatomical  structure. 
{See  Root.) 
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The  following  are  the  varieties  which  have  been  distin- 
guished :  — 

Tlie  Cormus^  fig.  23.  {Lecus  of  Du  Petit  Thenars,  Plateau 
of  De  Candolle),  is  the  dilated  base  of  the  stem  of  Monocoty- 
ledonous  plants,  intervening  between  the  roots  and  the  first 
buds;  and  forming  the  reproductive  portion  of  the  stem  of 
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such  plants  when  they  are  not  caulescent.  It  is  composed  of 
cellular  tissue,  traversed  by  bundles  of  vessels  and  woody 
fibre,  and  has  the  form  of  a  flattened  disk.  The  fleshy  root 
of  the  Arum,  that  of  the  Crocus  and  the  Colchicum,  are  all 
different  forms  of  die  Cormus.  It  has  been  called  hulbo-tuher 
by  Ker,  and  hulbus  solidus  by  many  others ;  the  last  is  a  con- 
tradiction in  terms.      [See  Bulb.) 

The  stems  of  Palms  have  by  some  wTiters  been  considered 
as  an  extended  cormus,  and  not  a  true  stem,  but  this  seems  an 
extravagant  application  of  the  term ;  or  rather  an  application 
which  reduces  the  signification  of  the  term  to  nothing.  A 
cormus  is  a  depressed  subterranean  stem  of  a  particular  kind ; 
the  trunk  of  a  Palm  is,  as  far  as  its  external  character  is  con- 
cerned, as  much  a  stem  as  that  of  an  Oak.  De  Candolle  ap- 
plies the  name  cormus  only  to  the  stems  of  Cryptogamous 
plants,  and  refers  to  it  the  Anabices  of  Necker. 

The  Tuber,  fig.  24.  {Tuberculum  if  very  small),  is  an 
annual  thickened  subterranean  stem,  provided  at  the  sides 
with  latent  buds,  from  which  new  plants  are  produced  the 
succeedins  year,  as  in  the  Potato  and  Arrow-root.  A  tuber 
is,  in  reality,  a  part  of  a  subterranean  stem,  excessively  en- 
larged by  the  developement  to  an  unusual  degree  of  cellular 
tissue.  The  usual  consequences  attendant  upon  such  a  state 
take  place ;  the  regular  and  symmetrical  arrangement  of  the 
buds  is  disturbed ;  the  buds  themselves  are  sunk  beneath  the 
surface,  or  half  obliterated,  and  the  whole  becomes  a  shapeless 
mass.  Such  is  not,  however,  always  the  case;  the  enlarge- 
ment sometimes  occurs  without  being  accompanied  by  much 
distortion,  and  the  true  nature  of  the  tuber  stands  revealed ; 
this  is  remarkably  the  case  in  the  Asparagus  Potato.  In  most, 
perhaps  all  tubers,  a  great  quantity  of  amylaceous  matter 
is  deposited,  on  which  account  they  are  frequently  found  to 
possess  highly  nutritive  properties. 

Tlie  Creeping  stem,  fig.  25.  (soboles),  is  a  slender  stem,  which 
creeps  along  horizontally  below  the  surface  of  the  earth,  emit- 
ting roots  and  new  plants  at  intervals,  as  in  the  Triticum 
repens.  It  differs  in  nothing  whatever  from  the  rhizoma,  ex- 
cept in  being  subterranean.     This  is  what  many  botanists  call 
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a  creeping  root.  It  is  one  of  those  provisions  of  nature  by 
which  the  barren  sands  that  bound  tlie  sea  are  confined 
within  their  Hmits ;  most  of  the  plants  which  cover  such  soils 
being  provided  with  subterranean  stems  of  this  kind.  It  is 
also  extremely  tenacious  of  life,  the  buds  at  every  node  being 
capable  of  renewing  the  existence  of  the  individual,  hence 
the  almost  indestructible  properties  of  the  Couch  grass,  Triti- 
cum  repens,  by  the  ordinary  operations  of  husbandry ;  divi- 
sions of  its  creeping  stem,  by  cutting  and  tearing,  producing 
no  other  effect  than  that  of  calling  new  individuals  into  exist- 
ence as  fast  as  others  are  destroyed.  The  term  soboles  is 
applied  by  Link  and  De  Candolle  to  the  sucker  of  trees  and 
shrubs.      (See  Surculus.) 

Of  the  AERIAL  stem,  the  most  remarkable  forms  are  the 
following  :  —  » 


The  term  stem  (caulis)  is  generally  applied  to  the  ascending 
caudex  of  herbaceous  plants  or  shrubs,  and  not  to  trees,  in 
which  the  word  trunk  is  employed  to  indicate  their  main  stem ; 
sometimes,  however,  this  is  called  caulis  arboreus.  From  the 
caulis,  Linnaeus,  following  the  older  botanists,  distinguished 
the  culmus  or  straw  [Chaume,  Fr.),  which  is  the  stem  of 
Grasses ;  and  De  Candolle  has  further  adopted  the  name  Ca- 
lamus {Chalumeau,  Fr.)  for  all  fistulous  simple  stems  without 
articulations,  as  those  of  Rushes ;  but  neither  of  these  differ  in 
any  material  degree  from  common  stems,  and  the  employment* 
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of  either  term  is  superfluous.  This  has  been  ah-eady  remarked 
with  respect  to  cuhnus  by  Link,  who  very  justly  inquires 
(Linmea,  ii.  235.)  ""'cur  Graminibus  caulem  denegares  et  cul- 
mum  diceres  ?  " 

The  Runner,  fig.  26.  [sarmentum  of  Fuchs.  and  Linnaeus, 
coulant  of  the  French),  is  a  prostrate  fihform  stem,  forming  at 
its  extremity  roots  and  a  young  plant,  which  itself  gives  birth 
to  new  runners,  as  in  the  Strawberry.  Rightly  considered,  it 
is  a  prostrate  viviparous  scape ;  that  is  to  say,  a  scape  which 
produces  roots  and  leaves  instead  of  flowers.  It  has  been 
called  Jlac/eUam  by  some  modern  botanists,  but  that  term  pro- 
perly applies  to  the  trailing  shoots  of  the  vine. 

The  Sucker,  fig.  28.  [surculus),  called  by  the  French  dragon 
or  surgeon,  is  a  branch  which  proceeds  from  the  neck  of  a 
plant  beneath  the  surface,  and  becomes  erect  as  soon  as  it 
emerges  from  the  earth,  immediately  producing  leaves  and 
branches,  and  subsequently  roots  from  its  base,  as  in  Rosa 
spinosissima,  and  many  other  plants.  Link  applies  the  term 
soholes  to  this  form  of  stem.  From  this  has  been  distinguished 
by  some  botanists  the  Stole  {stolo,  Lat. ;  and  jet,  French)  ; 
which  may  be  considered  the  reverse  of  the  sucker,  it  differing 
in  proceeding  from  the  stem  above  the  surface  of  the  earth, 
into  which  it  afterwards  descends  and  takes  root,  as  in  Aster 
junceus;  but  there  does  not  appear  to  be  any  material  distinc- 
tion between  them.  Willdenow  confines  the  term  surculus  to 
the  creeping  stems  of  Mosses.  By  the  older  botanists  a  sucker 
was  always  understood  by  the  word  stolo,  and  surculus  indi- 
cated a  vigorous  young  shoot  without  branches. 

The  shoots  thrown  up  from  the  subterranean  part  of  the 
stem  of  Monocotyledonous  plants,  as  the  Pineapple  for  ex- 
ample (the  Adnata,  Adnascentia,  or  Appendices  of  Fuchsius), 
are  of  the  nature  of  suckers. 

It  may  be  here  remarked,  that  stolo  has  given  rise  to  the 
name  stool,  which  is  applied  to  the  parent  plant,  whence 
young  individuals  are  propagated  by  the  process  of  layering,  as 
it  is  technically  called  by  gardeners.  The  branch  laid  down 
was  termed  propago  by  the  older  botanists,  and  the  layer  was 
called  malleolus,  which  literally  signifies  a  hammer;  the  name 
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was  thus  applied,  because,  when  the  layer  is  separated  from  its 
parent,  its  lower  end  resembles  a  hammer  head,  of  which  the 
new  plant  represents  the  handle. 

The  Offset,  fig.  29.  {propaculum.  Link),  is  a  short  lateral 
branch  in  some  herbaceous  plants,  terminated  by  a  cluster  of 
leaves,  and  capable  of  taking  root  when  separated  from  the 
mother  plant,  as  in  Sempervivum.  It  differs  very  little  from 
the  runner. 

The  Rootstock,  fig.  27.  (rhizoma),  is  a  prostrate  thickened 
rooting  stem,  which  yearly  produces  young  branches  or  plants. 
It  is  chiefly  found  in  Iridese  and  epiphytous  Orchideae,  and  is 
often  called  caudex  repens.  The  old  botanists  called  it  cervix, 
—  a  name  now  forgotten. 

The  Vine,  fig.  30.  {viticula,  Fuchs.),  is  a  stem  which  trails 
along  the  ground  without  rooting,  or  entangles  itself  with 
other  plants,  to  which  it  adheres  by  means  of  its  tendrils,  as 
the  Cucvunber  and  the  Vine.  This  term  is  how  rarely  em- 
ployed. De  CandoUe  refers  it  to  the  runner  or  sarmentum  ; 
but  it  is  essentially  distinct  from  that  form  of  stem. 

If  a  plant  is  apparently  destitute  of  an  aerial  stem,  it  is 
technically  called  stemless  {acaulis),  a  term  which  must  not 
however  be  understood  to  be  exact,  because  it  is,  from  the 
nature  of  things,  impossible  that  any  plant  can  exist  without 
a  stem  in  a  greater  or  less  degree  of  developement.  All  that 
the  term  acaulis  really  means,  is  that  the  stem  is  very  short. 

The  Pseudohulh  is  an  enlarged  aerial  stem,  resembling  a 
tuber,  from  which  it  scarcely  difPers,  except  in  its  being  formed 
above  ground,  in  having  a  cuticle  that  is  often  extremely  hard, 
and  in  retaining  upon  its  surface  the  scars  of  leaves  that  it 
once  bore.  This  is  only  known  in  Orchideous  plants,  in 
which  it  is  very  common  :  the  tuber  of  Arrow-root  is  inter- 
mediate between  the  Pseudobulb  and  the  genuine  tuber. 

3.     Of  its  Internal  Modifications. 

Tlie  internal  structure  of  the  stems  of  Flowering  plants,  is 
subject  to  two  principal  and  to  several  subordinate  modifica- 
tions.     The  former  are  well  illustrated  by  such  plants  as  the 
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Oak  and  the  Cane,  specimens  of  which  can  be  easily  obtained 
for  comparison.  A  transverse  slice  of  the  former  exhibits  a 
central  cellular  substance  or  pith,  an  external  cellular  and 
fibrous  ring  or  hark,  an  intermediate  woody  mass,  and  certain 
fine  lines  radiating  from  the  pith  to  the  bark,  through  the 
wood,  and  called  viedullary  rays  ;  this  is  called  Exogenous 
structure.  In  the  Cane,  on  the  contrary,  neither  bark,  nor 
pith,  nor  wood,  nor  medullary  rays,  are  distinguishable ;  but 
the  transverse  section  exhibits  a  large  number  of  holes  irregu- 
larly arranged,  and  caused  by  the  section  of  vasiform  tissue, 
and  the  mass  of  woody  and  cellular  substance  in  which  they 
lie  imbedded.  This  kind  of  structure  is  named  Endogenous. 
In  both  cases  there  is  a  cellular  and  vascular  system  distinct 
from  each  other ;  it  is  only  by  a  diversity  in  their  respective 
arrangement  that  the  differences  above  described  are  caused. 
In  explaining  in  detail  the  peculiar  structure  of  Exogenous 
and  Endogenous  stems,  it  will  be  more  convenient  to  consider 
them  with  reference  to  those  two  systems,  than  to  follow  the 
usual  method  of  leaving  the  fact  of  there  being  two  distinct 
systems  out  of  consideration. 


§  1.   Of  the  Exogenous  Structure. 
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The  cellular  system  in  an  Exogenous  stem  chiefly  occupies 
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the  centre  and  the  circumference,  which  are  connected  by  tliin 

vertical  plates  of  the  same  nature 

as  themselves.       The  centi-al  part 

(a,  fig.  32.)  is  the  pith,  that  of  the 

circumference  (h)  is  the  bark,  and 

the  connecting  vertical  plates  (c)  are| 

medullar^/  rays. 

The  pith  is  a  cylindrical  or  an- 
gular column  of  cellular  tissue, 
arising  at  the  neck  of  the  stem 
and  terminating  at  the  leaf-buds, 
with  all  of  which,  whether  they  are  lateral  or  terminal,  it  is  in 
direct  communication.  Its  tissue,  when  cut  through,  almost 
always  exhibits  an  hexagonal  character,  and  is  frequently 
larger  than  in  any  other  part.  Wlien  newly  formed,  it  is 
green,  and  filled  with  fluid ;  but  its  colour  gradually  disap- 
pears as  it  dries  up,  and  it  finally  becomes  colourless.  After 
this  it  undergoes  no  further  change,  unless  by  the  deposition 
in  it,  in  course  of  time,  of  some  of  the  peculiar  secretions  of 
the  species  to  which  it  belongs.  It  has  been  contended,  in- 
deed, by  some  physiologists,  that  it  is  gradually  pressed  upon 
by  the  surrounding  part  of  the  vascular  system,  until  it  is 
either  much  reduced  in  diameter  or  v/holly  disappears ;  and  in 
proof  of  this  assertion,  the  Elder  has  been  referred  to,  in 
which  the  pith  is  very  large  in  the  young  shoots,  and  very 
small  in  the  old  trunks.  Those,  however,  who  entertain  this 
opinion,  seem  not  to  consider  that  the  diameter  of  the  pith  of 
all  trees  is  different  in  different  shoots,  according  to  the  age  of 
those  shoots ;  —  that  in  the  first  that  arises  after  germination, 
the  pith  is  a  mere  thread,  or  at  least  of  very  small  dimensions 

—  that  in  the  shoots  of  the  succeeding  year  it  becomes  larger 

—  and  that  its  dimensions  increase  in  proportion  to  the  gene- 
ral rapidity  of  developement  of  the  vegetable  system  :  the  pith, 
therefore,  in  the  first-formed  shoots,  in  which  it  is  so  small 
compared  with  that  in  the  branches  of  subsequent  years,  is 
not  small  because  of  the  pressure  of  surrounding  parts;  it 
never  was  any  larger. 

The  pith  is  always,  when  first  forming,  a  uniform  compact 
mass,  coimected  without  interruption  in  any  part ;   but  the 
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vascular  system  sometimes  developing  more  rapidly  than  itself, 
it  occasionally  happens  that  it  is  either  torn  or  divided  into 
irregular  cavities,  as  in  the  Horse  Chestnut,  the  Rice-paper 
plant,  and  many  others ;  or  that  it  is  so  much  lacerated  as  to 
lose  all  resemblance  to  its  original  state,  and  to  remain  in  the 
shape  of  ragged  fragments  adhering  to  the  inside  of  the  vas- 
cular system :  this  is  what  happens  in  Umbelliferous  and  other 
fistular-stemmed  plants. 

Sometimes  the  pith  is  much  more  compact  at  the  nodes  than 
in  the  internodes,  as  in  the  Ash ;  whence  an  idea  has  arisen 
that  it  is  actually  interrupted  at  those  places :  this  is,  however, 
an  obvious  mistake;  there  is  no  interruption  of  continuity,  but 
a  mere  alteration  in  compactness. 

It  very  seldom  happens  that  any  part  of  the  vascular  system 
intermixes  with  the  pith,  which  is  almost  always  composed  of 
cellular  tissue  exclusively ;  but  in  Ferula  and  the  Marvel  of 
Peru,  it  has  been  proved  by  Mirbel  and  De  Candolle,  that 
bundles  of  woody  fibre  are  intermixed;  and  in  Nepenthes 
there  is  a  considerable  quantity  of  spiral  vessels  scattered 
among  the  cellular  tissue  of  the  same  part. 

The  Bark  is  the  external  coating  of  the  stem,  lying  imme- 
diately over  the  wood,  to  which  it  forms  a  sort  of  sheath,  and 
from  which  it  is  always  distinctly  separable.  Wlien  but  one 
year  old,  it  consists  of  an  exterior  coating  of  cellular  substance, 
called  the  cellular  integument  or  the  epidermis^  and  of  an  in- 
terior lining  of  woody  tissue,  called  the  liber  or  inner  hark :  if 
more  than  one  year  old,  then  it  is  composed  of  as  many  layers 
of  cellular  integument  and  woody  tissue  as  it  is  years  old,  the 
former  being  invariably  external,  and  the  latter  internal,  in 
each  layer;  and  every  layer  being  formed  beneath  the  previous 
one,  and  therefore  next  the  wood.  In  consequence  of  the 
new  bark  being  continually  generated  within  that  of  the  pre- 
vious year,  it  is  necessary  that  the  latter,  which  is  pushed 
outwards,  should  be  extensible ;  and  in  many  plants  this  ex- 
tensibility takes  place  to  a  considerable  degree.  In  the  Apple, 
several  successive  zones  of  bark  are  formed  without  any 
appearance  of  a  dislocation  or  disruption  of  the  tissue  of 
the  outside;  and  in  the  Daphne  Lagetto,  the  fibres  of  the 
liber  are  so  tenacious    that,  instead  of  being    ruptured   by 
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the  force  of  the  inward  growth,  they  are  separated  into 
lozenge-shaped  meshes,  arranged  in  such  beautiful  order, 
as  to  have  acquired  for  the  plant  itself  the  name  of  the  Lace 
Bark  Tree.  There  exists,  however,  in  all  cases,  a  limit  to 
the  extensibility  of  the  old  layers  of  bark ;  and  when  this  is 
reached,  the  outer  bark  either  splits  into  deep  fissures,  as  in 
the  Oak,  the  Elm,  the  Cork,  and  most  of  our  European  trees, 
or  it  falls  away  in  broad  plates,  as  in  the  Plane,  or  it  peels  off 
in  long  thin  ribands,  as  in  the  Birch. 

As  there  is  a  double  layer  of  cellular  integument  and  woody 
fibre  formed  every  year,  it  follows  that  the  age  of  a  tree  ought 
to  be  indicated  by  the  number  of  such  deposits  contained  in 
its  bark.  But  the  arrangement  of  the  zones  is  so  very  soon 
disturbed,  and  the  distinction  between  them  becomes  so  im- 
perfect, that  even  when  the  outermost  coating  is  still  entire,  it 
is  scarcely  practicable  to  count  the  zones;  and  as  soon  as  the 
outside  begins  to  split  or  peel  off,  all  traces  of  their  full  num- 
ber necessarily  disappear. 

That  the  bark  really  increases  by  constant  deposits  of  new 
matter  between  it  and  the  wood,  is  demonstrated  by  introduc- 
ing a  piece  of  metal  into  the  liber  of  a  tree,  and  watching  it 
subsequently :  in  process  of  time  it  will  be  protruded  to  the 
outside,  and  will  finally  fall  away. 

Notwithstanding  the  fibrous  character  of  a  certain  portion 
of  the  bark,  it  is  generally  so  brittle  as  to  be  capable  of 
breaking  in  all  directions  with  a  clean  fracture,  as  soon  as  it 
becomes  dry  and  ceases  to  live;  but  in  many  plants,  when 
young,  it  is  so  tough  as  to  be  applied  to  different  economical 
purposes.  The  Russia  mats  of  commerce  are  prepared  from 
the  liber  of  two  or  three  species  of  Tilia,  that  of  numerous 
Malvaceae  is  manufactured  into  cordage,  and  similar  pro- 
perties are  found  in  that  of  many  other  plants. 

When  stems  are  old,  the  bark  usually  bears  but  a  small 
proportion  in  thickness  to  the  wood;  yet  in  some  plants  its 
dimensions  are  of  a  magnitude  that  is  very  remarkable.  For 
instance,  specimens  of  Abies  Douglasii  have  been  brought  to 
Europe  twelve  inches  thick,  and  these  are  said  not  to  be  of 
the  largest  size. 

Air  cells  and  Vasa  propria  are  exceedingly  common  in  the 
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bark,  but  there  is  no  well-authenticated  instance  of  any  spiral 
vessels  having  been  found  in  it;  except  in  Nepenthes,  in 
which  they  occur  in  almost  every  part,  and  exist  in  no  incon- 
siderable numbers  in  the  bark.  Don  states  that  spiral  vessels 
abound  in  the  bark  of  Urtica  nivea,  but  I  have  not  succeeded 
in  discovering  them  there. 

Beneath  the  bark  and  above  the  wood  is  interposed  in  the 
spring  a  mucous  viscid  layer,  which,  when  highly  magnified, 
is  found  to  consist  of  numerous  minute  transparent  granules, 
and  to  exhibit  faint  traces  of  a  delicate  cellular  organisation. 
Tliis  secretion  is  named  the  Cambium,  and  appears  to  be 
exuded  both  by  the  bark  and  wood,  certainly  by  the  latter. 

The  cellular  system  of  the  pith  and  that  of  the  bark  are,  in 
the  embryo,  and  youngest  shoots,  in  contact:  but  the  vascular 
system,  as  it  forms,  gradually  interposes  between  them,  till 
after  a  few  weeks  they  are  distinctly  separated,  and  in  very  aged 
trunks  are  sometimes  divided  by  a  space  of  several  feet ;  that 
is  to  sa)',  by  half  the  diameter  of  the  wood.  But  whatever 
may  be  the  distance  between  them,  a  horizontal  communi- 
cation of  the  most  perfect  kind  continues  to  be  maintained. 
When  the  vascular  system  is  first  insinuated  into  the  cellular 
system,  dividing  the  pith  and  bark,  it  does  not  completely 
separate  them,  but  pushes  aside  a  quantity  of  cellular  tissue, 
pressing  it  tightly  into  thin  vertical  radiating  plates :  as  the 
vascular  system  extends,  these  plates  increase  outwardly,  con- 
tinuing to  maintain  the  connection  between  the  centre  and 
the  circumference.  Botanists  call  them  medullary  rays  (or 
plates) ;  and  carpenters,  the  silver  grain.  They  are  composed 
of  muriform  cellular  tissue  (Plate  I.  fig.  7.),  often  not  con- 
sisting of  more  than  a  single  layer  of  cellules ;  but  sometimes, 
as  in  Aristolochias,  the  number  of  layers  is  very  considerable 
(Plate  II.  fig.  12.  a).  In  horizontal  sections  of  an  Exoge- 
nous stem,  they  are  seen  as  fine  lines  radiating  from  the  centre 
to  the  circumference ;  in  longitudinal  sections  they  produce 
that  glancing  satiny  lustre  which  is  in  all  discoverable,  and 
which  gives  to  some,  such  as  the  Plane  and  the  Sycamore,  a 
character  of  remarkable  beauty. 

No  vascular  tissue  is  ever  found  in  the  medullary  rays,  un- 
less  those  curious  plates   described  by  Griffith  in  the  wood 
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of  Phytocrene  gigantea,  in  which  vessels  exist,  should  prove  to 
belong  to  the  medullary  system. 

The  vascular  system  in  an  Exogenous  stem  is  confined  to 
the  space  between  the  pith  and  the  bark,  where  it  chiefly  con- 
sists of  ducts,  and  vasiform  or  woody  tissue  collected  into  com- 
pact wedge-shaped  vertical  plates  (fig.  32.  d),  the  edges  of 
which  rest  on  the  pith  and  bark,  and  the  sides  of  which  are  in 
contact  with  the  medullary  rays. 

That  portion  of  the  vascular  system  wliich  is  first  generated 
is  in  immediate  contact  with  the  pith,  to  which  it  forms  a 
complete  sheath,  interrupted  only  by  the  passage  of  the 
medullary  rays  through  it.  It  consists  of  spiral  vessels  and 
woody  tissue  intermixed,  and  forms  an  exceedingly  tliin 
layer,  called  the  medullary  sheath.  This  is  the  only  part  of 
the  vascular  system  of  the  stem  in  which  spiral  vessels  are  or- 
dinarily found ;  the  whole  of  the  vessels  subsequently  depo- 
sited over  the  medullary  sheath  being  ducts,  or  vasiform  tis- 
sue, with  a  few  exceptions.  The  medullary  sheath  establishes 
a  comiection  between  the  axis  and  all  its  appendages,  the 
veins  of  leaves,  flowers,  and  fruits,  being  in  all  cases  prolonga- 
tions of  it.  It  has  been  remarked  by  Senebier,  and  since  by 
De  Candolle,  that  it  preserves  a  green  colour  even  in  old 
trunks,  which  proves  that  it  still  continues  to  retain  its 
vitality  wlien  that  of  the  surrounding  parts  has  ceased. 

The  vascular  system  of  a  stem  one  year  old  consists  of  a 
zone  of  wood  lying  between  the  pith  and  the  bark,  lined  in 
the  inside  by  the  medullary  sheath,  and  separated  into  wedge- 
shaped  vertical  plates  by  the  medullary  rays  that  pass  through 
it.  All  that  part  of  the  first  zone  which  is  on  the  outside  of 
the  medullary  sheath  is  composed  of  woody  tissue  and  vessels 
intermixed  in  no  apparent  order ;  but  the  vessels  are  generally 
either  in  greater  abundance  next  the  medullary  sheath,  or 
confined  to  that  side  of  the  zone,  and  the  woody  tissue  alone 
forms  a  compact  mass  on  the  outside.  The  second  year 
another  zone  is  formed  on  the  outside  of  the  first,  with  which 
it  agrees  exactly  in  structure,  except  that  there  is  no  medul- 
lary sheath;  the  third  year  a  third  zone  is  formed  on  the 
outside  the  second,  in  all  respects  like  it;  and  so  on,  one 
zone  being  deposited  every  year  as  long  as  the  plant  con- 
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tinues  to  live.  As  each  new  zone  is  formed  over  that  of  the 
previovis  year,  the  latter  undergoes  no  alteration  of  structvire 
when  once  formed:  wood  is  not  subject  to  distension  by  a 
force  beneath  it,  as  the  bark  is;  but,  whatever  the  first  ar- 
rangement or  direction  of  its  tissue  may  be,  such  they  remain 
to  the  end  of  its  life.  The  formation  of  the  wood  is,  therefore, 
the  reverse  of  that  of  the  bark ;  the  latter  increasing  by  addi- 
tion to  its  inside,  the  former  by  successive  deposits  upon  its 
outside.  It  is  for  this  reason  that  stems  of  this  kind  are  called 
Exogenous  (from  two  Greek  words,  signifying  to  grow  out- 
wardly). According  to  Dutrochet,  each  zone  of  wood  is 
in  these  plants  separated  from  its  neighbour  by  a  layer  of  cel- 
lular tissue,  forming  part  of  the  system  of  the  pith  and  bark ; 
but  although  this  is  true  in  certain  plants,  such  as  arborescent 
nettles  and  others,  it  is  by  no  means  a  general  law. 

After  wood  has  arrived  at  the  age  of  a  few  years,  or  some- 
times even  sooner,  it  acquires  a  colour  different  from  that 
which  it  possessed  when  first  deposited,  becoming  what  is 
called  heart-wood,  or  duramen.  For  instance,  in  the  beech  it 
becomes  light  brown,  in  the  oak  deep  brown,  in  Brazil  wood 
and  Guaiacum  green,  and  in  ebony  black.  In  all  these  it 
was  oriffinallv  colourless,  and  owes  its  different  tints  to  matter 
deposited  gradually  in  all  parts  of  the  tissue ;  as  may  be  easily 
proved  by  throwing  a  piece  of  heart-wood  into  nitric  acid,  or 
some  other  solvent,  when  the  colouring  matter  is  discharged, 
and  the  tissue  recovers  its  original  colom'less  character.  That 
part  of  the  wood  in  which  no  colouring  matter  is  yet  depo- 
sited, and  consequently  that  which,  being  last  formed,  is  inter- 
posed between  the  bark  and  duramen,  is  called  alburnum. 
The  distinction  between  these  is  physiologically  important,  as 
will  hereafter  be  explained. 

Each  zone  of  the  vascular  system  of  an  Exogenous  stem 
being  the  result  of  a  single  year's  growth,  it  shoidd  follow  that, 
to  count  the  zones  apparent  in  a  transverse  section  is  sufficient 
to  determine  the  age  of  the  individual  under  examination; 
and  further,  that,  as  there  is  not  much  difference  in  the  aver- 
age depth  of  the  zones  in  very  old  trees,  a  certain  rate  of 
growth  being  ascertained  to  be  peculiar  to  particular  species, 
the  examination  of  a  mere  fragment  of  a  tree,  the  diameter  of 
which  is  known,  should  suffice  to  enable  the  botanist  to  judge 
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with  considerable  accuracy  of  the  age  of  the  individual  to 
which  it  belonged.  It  is  true,  indeed,  that  the  zones  become 
less  and  less  deep  as  a  tree  advances  in  age ;  that  in  cold  sea- 
sons, or  after  transplantation,  or  in  consequence  of  any  causes 
that  may  have  impeded  its  growth,  the  formation  of  wood  is 
so  imperfect  as  scarcely  to  form  a  perceptible  zone :  yet  De 
Candolle  has  endeavoured  to  show,  in  a  very  able  paper,  Sur 
la  Longevite  des  Arbres,  that  the  general  accuracy  of  calcula- 
tions is  not  much  affected  by  such  accidents ;  occasional  inter- 
ruptions to  growth  being  scarcely  appreciable  in  the  average 
of  many  years.  This  is  possibly  true  in  European  trees,  and 
in  those  of  other  cold  or  temperate  regions  in  which  the  sea- 
sons are  distinctly  marked;  in  such  the  zones  are  not  only 
separated  with  tolerable  precision,  but  do  not  vary  much  in 
annual  dimensions.  But  in  many  hot  countries  the  difference 
between  the  growing  season  and  that  of  rest,  if  any  occur,  is 
so  small,  that  the  zones  are  as  it  were  confounded,  and  the  ob- 
server finds  himself  incapable  of  distinguishing  with  exactness 
the  formation  of  one  year  from  that  of  another.  In  the  wood 
of  Guaiacum,  Phlomis  fruticosa,  Metrosideros  polymorpha, 
and  many  other  Myrtaceae,  for  instance,  the  zones  are  ex- 
tremely indistinct ;  in  some  Bauhinias  they  are  formed  with 
great  irregularity ;  and  in  Stauntonia  latifolia,  some  kinds  of 
Ficus,  certain  species  of  Aristolochia,  as  A.  labiosa,  and  many 
other  plants,  they  are  so  confounded,  that  there  is  not  the 
slightest  trace  of  annual  separation.  It  is  also  to  be  remarked, 
that  in  Zamias  we  seldom  find  more  than  two  or  three  zones 
of  wood,  whatever  may  be  the  age  of  the  individual ;  and  yet 
it  appears  from  Ecklon's  observations,  that  a  Zamia,  with  a 
trunk  only  four  or  five  feet  high,  can  scarcely  be  less  than  two 
or  three  hundred  years  old.     {Lehm.  Pug  ill.  vi.) 

With  regard  to  judging  of  the  age  of  a  tree  by  the  inspec- 
tion of  a  fragment,  the  diameter  of  the  stem  being  known,  a 
little  reflection  will  show  that  this  is  to  be  done  with  great 
caution,  and  that  it  is  liable  to  excessive  error.  If,  indeed, 
the  zones  upon  both  sides  of  a  tree  were  always  of  the  same, 
or  nearly  the  same,  thickness,  much  error  would,  perhaps,  not 
attend  such  an  investigation ;  but  it  happens  that,  from  vari- 
ous causes,  there  is  often  a  great  difference  between  the  growth 
of  the  two  sides,  and  consequently,  that  a  fragment  taken  from 
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either  side  must  necessarily  lead  to  the  falsest  inferences.  For 
example,  I  have  now  before  me  four  specimens  of  wood,  taken 
almost  at  hazard  from  among  a  fine  collection,  for  which  I  am 
indebted  to  the  munificence  of  the  East  India  Company. 
The  measurements  of  either  side,  and  their  age,  as  indicated 
by  the  number  of  zones  they  comprehend,  are  as  follows :  — 


Benthamia  fragifera 
Pyrus  foliolosa    -     - 
Magnolia  insignis     - 
Alnus  napaleiisis 


Diameter  of 
Side  A.     I     Side  B. 


9  line's. 

8  lines. 
1 1  lines. 
II  lines. 


36  lines. 

22  lines. 
20  lines. 

23  lines. 


Total, 


45  lines. 

30  lines. 

31  lines. 
34  lines. 


Real 

Aire,   or 
No.  of  Zones. 


40 

sr, 

17 
8 


Now,  in  the  first  of  these  cases,  suppose  that  a  portion  of  the 
side  A.  were  examined,  the  observer  w^ould  find  that  each 
zone  is  0"225  of  a  line  deep ;  and,  as  the  whole  diameter  of 
the  stem  is  45  lines,  he  would  estimate  the  side  he  examined 
to' be  22'5  lines  deep  ;  consequently,  he  would  arrive,  by  cal- 
culation, at  the  conclusion,  that,  as  his  plant  was  one  year 
growing  0*225  of  a  line,  it  would  be  a  hundred  years  in 
growing  22*5  lines,  while,  in  fact,  it  has  been  only  forty  years. 
And  so  of  the  rest. 

When  we  hear  of  the  Baobab  trees  of  Senegal  being  5150 
years  old,  as  computed  by  Adanson,  and  the  Taxodium  dis- 
tichum  still  more  aged,  according  to  the  ingenious  calculations 
of  Alphonse  De  Candolle,  it  is  impossible  to  avoid  suspecting 
that  some  such  error  as  that  just  explained  has  vitiated  their 
conclusions. 

To  the  characters  above  assigned  to  the  stem  of  Exogenous 
plants  there  are  several  remarkable  exceptions,  some  of  which 
have  been  described  by  botanists  ;  others  are  mentioned  now 
for  the  first  time. 

Mirbel  has  noticed  the  unusual  structure  of  Calycanthus 
{Annates  des  Sciences,  vol.  xiv.),  in  the  bark  of  which,  at  equal 
distances,  are  found  four  minute  extremely  eccentrical  woody 
axes,  the  principal  diameter  of  which  is  inwards ;  that  is  to  say, 
next  the  wood.  The  existence  of  this  structure,  noticed  by 
the  discoverer  only  in  C.  floridus,  I  have  since  ascertained  in 
all  the  other  species,  and  also  in  Chimonanthus.    Gaudichaud 
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attempts  to  explain  this  curious  mode  of  growth  upon  the  sup- 
position that  each  leaf  forms  three  fascicles  of  woody  matter, 
whereof  the  central  is  the  most  powerful,  and  produces  the 
mass  of  the  stem;  and  the  lateral  ones,  which  are  much 
weaker,  give  origin  to  the  accessory  axes; — and  he  states, 
that  in  climbing  Sapindaceous  plants  the  same  phenomenon 
occurs,  only  to  a  far  greater  extent.  He  represents  that  in 
those  cases  the  fibres  of  each  leafstalk  separate  into  three  or 
four  principal  branches,  each  of  which  applies  itself  to  one  of 
the  internal  woody  axes  of  the  stem,  which,  in  time,  consists  of 
from  four  to  eight  distinct  axes,  the  central  being  larger  than 
the  others,  and  each  having  its  own  cortical  integument.  The 
fact  is  exceedingly  curious,  but  I  doubt  very  much  whether 
the  explanation  is  just.      {Arch,  de  Bot,  ii.  492.) 

In  Coniferous  wood  {Ji(/.  33.)  there  is  ^^ 

scarcely  any  mixture  of  vessels  among 
woody  fibre,  as  in  other  exogenous  plants ; 
in  consequence  of  which  a  cross  section 
exhibits  none  of  those  open  mouths  which 
are  caused  by  the  division  of  vessels, 
and  which  give  what  is  vulgarly  called 
porosity  to  wood.  Instead  of  this,  the 
vascular  system  generally  consists  exclu- 
sively of  that  kind  of  woody  tissue  which 
has  been  described  at  p.  20.,  under  the 
name  of  glandular,  with  the  exception  of 
the  medullary  sheath,  in  which  spiral  vessels  are  present  in 
small  numbers.  The  Yew  is  the  principal  exception :  in  this 
plant  the  woody  tissue  is  the  same  as  that  of  other  Conifera? ; 
but  many  tubes  have  a  great  quantity  of  little  fibres  lying  ob- 
liquely across  them  at  nearly  equal  distances,  sometimes 
arranged  with  considerable  regularity, — sometimes  disturbed 
as  it  were,  so  that  the  transverse  fibres,  although  they  retain 
their  obliquity,  are  not  parallel, — and  sometimes,  but  more 
rarely,  so  regular  as  to  give  to  the  tubes  of  woody  fibre  the 
appearance  of  spiral  vessels,  the  coils  of  which  are  separated 
by  considerable  intervals.  The  latter  only  is  represented  by 
Kieser,  at  his  tab.  xxi.  fig.  103,  104.:  but  the  former  is  by 
far  the  most  common  appearance. 

In  Cycadea?  the  vascidar  system  is  destitute  of  vessels,  as  in 
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Coniferae;  tdi^  place  being  sapplaed  by  siaeli  woody  tis&ue  as 
has  bem  abteadk  described  at  p.  19.  But  tbe  zones  of  wood 
are  a^arated  by  a  layer  of  oelliilax  sabstaiiee  i^iembling  that 
of  the  pith,  and  o^n  as  tbick  as  the  ^xmes  tlieiiiselves.  Thk 
stmctare  is  r^resented  by  Adolphe  Brongmart.  in  tbe  16di 
Tofanne  of  tbe  Annales  des  Sc^iaces. 

Mt  &ieDd  Mr,  Griffith  has  beaolifiallT  iflnsti^ted  tbe  stme- 
tune  of  a  plant  called  Riytoenaie  {fig,  34.1,10  Wallieh's  Pkatae 
Asiatics,  toL  iiL  1. 1216.  In  tbis  carious  production  tbe  wood 
consists  oi  plates  containing  vessels  and  woody  tissue,  baring 
DO  eonnectioii  with  each  other,  and  separated  at  very  eans- 
derable  intervals  by  a  large  mass  of  {MX^endix'Qffltioas  eelbi^ 
tksoe  filled  with  vasifonu  tfene,  and  rejH«senting  mednlaiy 
rays.*  Wbai  tbe  stem  is  dry,  tbe  woodk^btes separate  frowa 
die  odiar  t^oe,  in  which  tbev  finallv  lie  loosse. 


S4 


\^^s^m^.y 


In  Nepoidies  distillaitoria  tbe  pith  ccmtains  a  grtat  qoantit^- 
of  ^lal  vessels ;  tbe  jdaoe  of  tbe  medulkiT  sheath  is  occn- 
jHed  by  a  deep  and  dense  layer  of  woody  tis5^le,  in  which  no 
vessdts,  or  scarcely  any,  are  discoverable ;  tb«¥  are  uo  me- 
dnBaxy  rays;  tbe  wood  has  no  CMicaatric  zcaaes :  between  the 
bark  and  the  wood  is  interposed  a  dii«i  layer  of  ceDukr  tisaie, 
in  wfaicb  an  immense  qoantity  df  Tsay  ^ige  ^iral  vessels  is 
formed;  on  the  outside  <rf  this  iayar  is  a  thinner  coating  of 

*  It  i»ill  be  aeem  tAat  tdae  triew  I  bow  tate  ^die  aoailoiries  of  tbe  parts 
ai  dieinmk  oiVhyuxreat  is  verr  ^ifferEatfixm  tli^  in  tie  first  etfitkni  of 
thkwortu 
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woody  tissue,  containing  some  very  minute  spiral  vessels ;  and, 
finally,  the  whole  is  enclosed  in  a  cellular  integument,  also  con- 
taining spiral  vessels  of  small  size.  In  this  singular  plant  the 
outer  layers  are,  it  is  to  be  presumed,  liber  and  epidermis ;  and 
the  cell  alar  deposit  between  the  former  and  the  wood  is  analogous 
to  cambium  in  an  organised  state,  belonging  equally  to  the 
wood  and  the  bark.  What  is  so  exceedingly  remarkable  is  the 
complete  mtermixture  of  the  vascular  and  cellular  systems, 
so  that  limits  no  longer  exist  between  the  two. 

I  have  a  specimen  of  the  twisted  compressed  stem  of  a 
Bauhinia  from  Colombia  {Jig.  35.),  in  which  there  are  no  con- 
centric circles,  properly  so  called  ;  but  in  which  there  are  cer- 
tain irregular  flexuous  zones,  consisting  of  a  layer  of  cellular 
tissue  coated  by  a  sti'atum  of  woody  tissue,  enclosing,  at  irregular 
distances  from  the  centre,  very  unequal 
portions  of  the  vasculair  system.  The 
pith  is  exceedingly  excentrical ;  and  the 
medullary  rays,  which  are  imperfectly 
formed,  do  not  all  radiate  from  the  pith, 
but  on  the  thickest  side  form  curves 
passing  from  one  side  of  the  stem  to  the 
other,  their  concavities  turned  towards 
the  pith. 

In  the  stem  of  a  Passion-flower  in  my 
possession  from  Colombia  {Jif/.  36.),  the 
vascular   system   is   divided   into    four 
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nearly  equal  parts,  by  four  short 
thick  plates  radiating  from  the 
pith,  and  consisting  of  woody 
tissue,  with  a  very  few  vessels. 
These  plates  are  not  more  than 
one  third  the  depth  of  the  wood; 
so  that  between  their  back  and 
the  bark  there  is  a  considerable 
vacancy,  by  which  the  four  di- 
visions of  the  vascular  system  are 
separated.  This  vacancy  is  nearly 
filled  with  bark,  which  projects 
into  the  cavity. 
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In  Stauntonia  latifolia 
{Jig.  37.),  which  has  a 
twining  stem,  there  are 
no  concentric  circles,  and 
the  meduUaiy  rays  ai-e 
curved,  part  from  right 
to  left,  and  part  from  left 
to  right,  diverging  at  one 
point  and  converging  at 
another  ;  the  bark  is  pier- 
ced with  extensive  lonjri- 
tudinal  perforations. 

In  Euonymus  tingens  {Jig. 
38.)  the  vessels  near  the  centre 
of  the  stem  are  arranged  in  con- 
centric interrupted  circles,  but 
towards  the  bark  there  is  no 
trace  of  such  circles ;  the  sm-- 
face  of  the  stem  is  deeply  cut 
into  lobes  paiallel  with  the 
stem,  and  the  vessels  are  all 
confounded  in  an  uniform  mass. 
Gaudichaud  represents  the  stem  of  some  Malpighiaceous 
plants  to  be  in  like  manner  divided  into  a  number  of  regular 
lobes,  which,  however,  actually  reach  the  axis ;  and,  in  con- 
sequence of  the  twining  habit  of  the  stem,  are  twisted  into  the 
appearance  of  a  cable  externally. 

In  Menispermum  laurifolium  {Jig. 
39.)  the  concentric  lines  evidently 
belong  to  the  medullary  system ;  they 
are  extremely  interrupted  and  un- 
equal, often  only  half  encircling  the 
stem,  or  even  less,  and  they  anasto- 
mose in  various  ways ;  the  medullary 
rays  are  unusually  large,  and  lie  across 
the  wood  hke  parallel  bars;  and, 
finally,  the  plates  of  which  the  wood 
consists  each  contain  but  one  vessel, 
which  is  situated  at  the  external 
edge  of  the  plate. 
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None  of  the  anomalous  forms  of 
Exogenous  stems  are,  however,  so 
remarkable  as  an  unknown  Burmese 
tree  (_;?(7.40.),foraspechnenof  which  I 
am  indebted  to  my  friend  Dr.  Wallich. 
In  a  section  of  this,  the  general  ap- 
pearance is  so  much  that  of  an  Endo- 
genous stem,  that  without  an  attentive 
examination  it  might  be  actually  mis- 
taken for  one.  The  diameter  of  this 
stem  is  two  inches  seven  lines ;  it  is  nearly  perfectly  circular, 
and  has  a  very  thin  but  distinct  bark,  with  a  central  pith 
surrounded  by  very  compact  woody  tissue.  There  are  neither 
zones  nor  medullary  rays ;  but  the  vascular  system  consists  of 
an  viniform  mass  of  vessels  and  woody  tissue,  disposed  with 
great  symmetry,  and  of  the  same  degree  of  compactness  at 
the  circumference  as  in  the  centre.  Amongst  this  wood  are 
intei'spersed,  at  the  distance  of  about  half  a  line,  with  great 
regularity,  passages  containing  loose  cellular  tissue.  These 
passages  are  convex  at  the  back  and  rather  concave  in  front, 
run  parallel  with  the  vessels,  and  do  not  seem  to  have  any 
kind  of  communication  with  each  other.  They,  no  doubt, 
represent  the  medullary  rays  of  the  cellular  system  of  this 
highly  ciu'ious  plant.  It  must  be  remarked,  that  the  re- 
semblance borne  by  this  stem  to  that  of  an  Endogenous 
plant  is  more  apparent  than  real ;  for  whilst,  in  the  latter,  the 
vascular  system  is  separated  into  bundles  surrounded  by  the 
cellular  system,  in  this,  on  the  contrary,  the  cellular  system 
consists  of  tubular  passages,  surrounded  by  masses  of  the 
vascular  system. 

These  examples  of  anomalous  structure  will  show  the  stu- 
dent that  it  is  neither  medullary  rays  nor  concentric  zones  in 
the  wood  that  are  the  certain  indications  of  Exogenous 
growth,  both  the  one  and  the  other  being  sometimes  absent ; 
but  that  the  presence  of  a  central  pith,  and  a  greater  degree 
of  hardness  in  the  centre  than  in  the  circumference,  are 
the  signs  from  which  alone  any  absolute  evidence  can  be 
derived. 
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§  2.  Of  the  Endogenous  Structure. 
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Plants  of  an  arborescent  habit  having  this  structure  being 
almost  exclusively  extra-European,  and  most  of  them  being 
natives  onlj-  of  the  tropics,  botanists  have  had  fewer  opppor- 
tunities  of  examining  them,  and,  consequently,  our  knowledge 
concerning  them  is  far  more  limited.  It  is,  therefore,  pro- 
bable that  in  this  department  of  the  subject  there  will  be 
hereafter  much  to  add  and  correct. 

In  Endogenous  plants  the  vascular 
and  cellular  systems  are  as  distinct  as 
in  Exogenous,  but  they  are  differently 
arranged.  The  cellular  system,  instead 
of  being  distinguishable  into  pith,  bark, 
and  medullary  rays,  is  a  uniform  mass, 
in  which  the  vascular  system  lies  im- 
bedded in  the  form  of  thick  fibres, 
having  no  tendency  to  collect  into  zones  or  wedges  resembling 
wood.  The  fibrous  bundles  consist  of  woody  tissue,  enclosing 
spiral  or  other  vessels. 

The  following  is  an  explanation  of  the  opinions  generally 
entertained  concerning  the  formation  of  an  Endogenous  stem. 
Its  diameter  is  supposed  to  be  increased  by  the  constant  addition 
of  fibrous  bundles  to  the  centre,  whence  the  name;  those  bundles 
displace  such  as   are  previously  formed,  pushing  them  out- 
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wards;  so  that  the  centre,  being  always  most  newly  formed, 
is  the  softest ;  and  the  outside,  being  older,  and  being  gra- 
dually rendered  more  and  more  compact  by  the  pressure 
exercised  upon  the  bundles  lying  next  it  by  those  forming  in 
the  centre,  is  the  hardest.  In  Endogenous  plants  that  attain 
a  considerable  age,  such  as  many  Palms,  this  operation  goes 
on  till  the  outside  becomes  sometimes  hard  enough  to  resist 
the  blow  of  a  hatchet.  It  does  not,  however,  appear  that 
each  successive  bundle  of  fibres  passes  exactly  down  the  centre, 
or  that  there  is  even  much  regularity  in  the  manner  in  which 
they  are  arranged  in  that  part :  it  is  only  certain  that  it  is 
about  the  centre  that  they  descend,  and  that  on  the  outside  no 
new  formation  takes  place.  This  appears  from  the  manner  in 
which  the  bundles  cross  and  interlace  one  another,  as  is  shown 
in  the  figure  of  Pandanus  odoratissimus  given  by  De  Candolle 
in  his  Organographie  (tab.  vi.),  or  still  more  clearly  in  the  lax 
tissue  of  the  inside  of  the  stems  of  Dracaena  Draco. 

The  investigations  of  Mohl  appear,  however,  to  show  that 
tins  view  of  the  structure  of  Endogens  requires  some  modifi- 
cation. According  to  this  observer,  every  one  of  the  woody 
bundles  of  a  Palm  stem  originates  in  the  leaves,  and  is  at  first 
directed  towards  the  centre ;  arrived  there,  it  follows  the  course 
of  the  stem  for  some  distance,  and  then  turns  outward  again, 
finally  losing  itself  in  the  cortical  integument.  In  the  course  of 
their  downward  descent,  the  woody  bundles  gradually  separate 
into  threads,  till  at  last  the  vascular  system,  which  for  a  long 
time  formed  an  essential  part  of  each  of  them,  disappears,  and 
there  is  nothing  left  but  woody  tissue.  In  this  view  of  the 
growth  of  Endogens,  the  trunk  of  such  plants  must  consist  of 
a  series  of  arcs  directed  from  above  inwards,  and  then  from 
within  outwards  ;  and  consequently  the  woody  fibres  of  such 
plants,  instead  of  being  parallel  with  each  other,  must  be  inter- 
laced in  infinite  intermixtin'e.  There  are,  however,  some 
difiiculties  in  the  way  of  this  theory,  which  we  do  not  find 
adverted  to  by  its  author.  If  Mohl's  view  of  the  structure  of 
Endogens  be  correct,  they  must  after  a  time  lose  the  power  of 
growing,  in  consequence  of  the  whole  of  the  lower  part  of  their 
stems  being  choked  up  by  the  multitude  of  descending  woody 
bundles.    Is  this  the  case  ?   The  lower  part  of  dieir  bark,  too, 
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must  be  much  harder,  that  is,  much  more  filled  with  woody 
bundles,  than  the  upper.  Is  that  the  fact?  The  hardness  of 
the  exterior  of  Palm  stems  cannot  be  owing  to  the  pressure 
of  new  matter  from  within  outwards,  but  to  some  cause 
analogous  to  the  formation  of  heartwood  in  Exoojens.  Is  there 
any  proof  that  such  a  cause  is  in  operation  ?  I  mention  these 
things,  not  so  much  from  distrust  of  Mohl's  views,  as  from  a 
desire  to  see  the  difficulties  which  seem  to  lie  in  the  way  of 
an  ingenious  theory  satisfactorily  removed. 

The  epidermis  of  an  Endogenous  stem  seems  capable 
of  very  little  distension.  In  many  plants  of  this  kind  the 
diameter  of  the  stem  is  the  same,  or  not  very  widely  different, 
at  the  period  when  it  is  first  formed,  and  when  it  has  arrived 
at  its  greatest  age  :  Palms  are,  in  particular,  an  instance  of  this ; 
whence  the  cylindrical  form  that  is  so  common  in  them.  That 
the  increase  in  their  diameter  is  really  inconsiderable,  is 
proved  in  a  curious,  and  at  the  same  time  very  conclusive, 
manner,  by  the  circumstance  of  gigantic  woody  climbing 
plants  sometimes  coiling  round  such  stems,  and  retaining 
them  in  their  embrace  for  many  years,  without  the  stem  thus 
tightly  wound  round  indicating  in  the  slightest  manner,  by 
swelling  or  otherwise,  that  such  ligatures  inconvenience  it. 
A  specimen,  illustrative  of  this  is  preserved  in  the  Museum 
of  Natural  History  at  Paris,  and  has  been  figured,  both  by 
Mirbel  in  his  EUmens  (tab.  xix.),  and  De  Candolle  in  his 
OrgaTwgraphie  (tab.  iv.).  We  know,  from  the  effect  of  the 
common  Bindweed  upon  the  Exogens  of  our  hedges,  that  the 
embrace  of  a  twining  plant  is,  in  a  single  year,  destructive  of 
the  life  of  every  thing  that  increases  in  diameter ;  or  at  least 
produces,  above  the  strangled  part,  extensive  swellings,  that 
always  end  in  death. 

It  is,  however,  certain  that  other  Endogens  do  increase 
extensively  in  diameter  up  to  a  certain  point;  but  this  is 
effected  with  great  rapidity ;  and  the  horizontal  growth  once 
stopped  appears  never  to  be  renewed :  thus,  in  the  Bamboo, 
stems  are  sometimes  found  as  much  as  two  feet  in  circum- 
ference, which  were  originally  not  more  than  half  an  inch  in 
diameter.  Others  would  seem  to  have  an  unlimited  power  of 
distension :   in  the  Dracaenas,  called  in  French  colonies  in 
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Africa  Bois-chandelles,  the  first  shoot  from  the  ground  is  a 
turio  (sucker),  an  inch  in  diameter,  and  perhaps  fifteen  feet 
high  ;  but  in  time  it  distends  so  much  that  sometimes  two 
men  can  scarcely  embrace  it  in  their  extended  arms.  ( Thou- 
ars,  Essais,  p.  3.) 

As  Endogenous  stems  contain  no  concentric  zones,  there  is 
nothing  in  their  internal  structure  to  indicate  age;  but,  in  the 
opinion  of  some  botanists,  there  are  sometimes  external  cha- 
racters that  will  afford  sufficient  evidence.  It  is  said  that  the 
number  of  external  rings  that  indicate  the  fall  of  leaves  from 
the  tnmk  of  the  Palm  tribe  coincides  with  the  number  of 
years  that  the  individual  has  lived.  There  is,  however, 
nothing  like  proof  of  this  at  present  before  the  public ;  such 
statements  must  therefore  be  received  with  great  caution.  It 
may  further  be  remarked,  with  reference  to  this  subject,  that 
in  many  Palms  these  rings  disappear  after  a  certain  number 
of  years. 

In  arborescent  Endogens  it  usually  happens  that  only  one 
terminal  leaf-bud  developes ;  and  in  such  cases  the  stem  is 
cylindrical,  or  very  nearly  so,  as  in  Palms.  If  two  terminal 
leaf-buds  constantly  develope,  the  stem  becomes  dichotomous, 
but  the  branches  are  all  cylindrical,  as  in  Pandanus  and  the 
Doom  Palms  of  Egypt ;  but  if  axillary  leaf-buds  are  regularly 
developed,  as  in  the  Asparagus,  Dracaena  Draco,  or  in  arbor- 
escent grasses,  then  the  conical  form  that  prevails  in  Exogens 
uniformly  exists  in  Endogens  also. 

Besides  the  differj^nce  now  mentioned,  there  is  one  other 
form  of  the  Endogenous  stem  that  it  is  necessary  to  describe ; 
viz.  that  of  Grasses.  In  those  plants  the  stem  is  hollow  ex- 
cept at  the  nodes,  where  transverse  partitions  intercept  the 
cavity,  dividing  it  into  many  cells.  In  the  Bamboo  these  cells 
and  partitions  are  so  large  that,  as  is  well  known,  lengths  of 
that  plant  are  used  as  cases  to  contain  papers. 

But  if  the  gradual  developement  of  a  grass  be  attentively 
observed,  it  will  be  found  that  the  stem  is  originally  solid: 
that  it  becomes  hollow  in  consequence  of  its  increasing  in 
diameter  more  rapidly  than  new  tissue  can  be  formed;  and 
that,  finally,  in  old  arborescent  stems,  it  again  becomes  solid 
by  the  constant  addition  of  matter    to    its    inside;    so  that 
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its  deviation  from  the  ordinary  characters  of  Endogenous 
structure  is  mucli  less  considerable  than  it  seems  to  be  at  first 
sight. 

According  to  Mohl,  the  structure  of  an  Exogenous  and  an 
Endogenous  stem,  during  the  first  year  of  their  growth,  is  al- 
together the  same ;  but  in  the  second  year  the  wood  and  the 
liber  of  the  former  separate,  and  new  matter  is  then  inter- 
posed ;  while,  on  the  contrary,  in  Endogens  no  such  separa- 
tion occurs,  and  consequently  the  newly-formed  matter  of  the 
stem  is  forced  towards  the  centre,  through  which  it  passes, 
with  a  constant  tendency,  however,  to  reach  the  outside.  This 
statement  must,  however,  be  received  with  distrust ;  because 
any  one  may  satisfy  himself  that  the  new  shoot  of  an  Aspara- 
gus and  of  an  Elder-bush  are  totally  dissimilar. 

Sect.  III.     Of  the  Root,  or  descending  Axis. 

At  or  about  the  same  time  that  the  ascending  axis  seeks 
the  light  and  becomes  a  stem,  does  the  opposite  extremity  of 
the  seed  or  bud  bury  itself  in  the  earth  and  become  a  root, 
with  a  tendency  downwards  so  powerful,  that  no  known  force 
is  sufficient  to  overcome  it.  Correctly  speaking,  nothing 
can  be  considered  a  root  except  what  has  such  an  origin ;  for 
those  roots  which  are  emitted  by  the  stems  of  plants,  are  in 
reality  the  roots  of  the  buds  above  them,  as  will  be  hereafter 
explained.  Nevertheless,  nothing  is  more  common  than  even 
for  botanists  to  confound  subterranean  stems  or  buds  with 
roots,  as  has  been  already  seen.  (See  Bulb,  Tuber,  Soboles, 
&c.  &c.) 

Independently  of  its  origin,  the  root  is  to  be  distinguished 
from  the  stem  by  many  absolute  characters.  In  the  first 
place,  its  ramifications  occur  irregularly,  and  not  with  a  sym- 
metrical arrangement:  they  do  not,  like  branches,  proceed 
from  certain  fixed  points  (buds),  but  are  produced  from  all 
and  any  points  of  the  root.  Secondly,  a  root  has  no  leaf-buds, 
unless  indeed,  as  is  sometimes  the  case,  it  has  the  power  of 
forming  adventitious  ones ;  but,  in  such  a  case,  the  irregular 
manner  in  which  they  are  produced  is  sufficient  evidence  of 
their  nature.     Thirdly,  roots  have  no  scales,  leaves,  or  other 
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appendages ;  neither  do  they  ever  indicate  upon  their  surface, 
by  means  of  scars,  any  trace  of  such :  all  underground  bodies 
upon  whicli  scales  have  been  found  are  stems,  whatever  they 
may  have  been  cailed ;  the  only  appendages  roots  ever  have 
arc  such  things  as  the  little  hollow  floating  bladders  found  in 
Utricularia.  A  fourth  distinction  between  roots  and  stems  is, 
that  the  former  have  never  any  stomates  upon  their  cuticle ; 
and,  finally,  in  Exogens  the  root  has  never  any  pith.  It  has 
been  also  said  that  roots  are  always  colourless,  while  stems  are 
always  coloured ;  but  aerial  roots  are  often  green,  and  all  un- 
derground stems  are  colourless. 

The  body  of  the  root  is  sometimes  called  the  caudex ;  the 
minute  subdivisions  have  been  sometimes  called  radicules,  —  a 
term  that  should  be  confined  to  the  root  in  the  embryo ; 
others  name  them  Jib7'ils, — a  term  more  generally  adopted ; 
while  the  terms  rhizina  and  rhizida  have  been  given  by  Link 
to  the  vovuiGj  roots  of  mosses  and  lichens. 

A  fibril  is  a  little  bundle  of  annular  ducts,  or  sometimes  of 
spiral  vessels,  encased  in  woody  fibre,  and  covered  by  a  lax 
cellular  integument:  it  is  in  direct  communication  with  the 
vascular  system  of  the  root,  of  which  it  is,  in  fact,  only  a  sub- 
division ;  and  its  apex  consists  of  extremely  lax  cellular  tissue 
and  mucus.  This  apex  has  the  property  of  absorbing  fluid 
witli  great  rapidity,  and  has  been  called  by  De  Candolle 
the  Sporiffiole  or  Spongelet.  It  must  not  be  considered  a  par- 
ticular organ ;  it  is  only  the  newly  formed  and  forming  tender 
tissue.  In  Pandanus  the  spongelets  of  the  aerial  roots  consist 
of  numerous  very  thin  exfoliations  of  the  epidermis,  which 
form  a  sort  of  cup  fit  for  holding  water  in. 

The  proportion  borne  by  the  root  to  the  branches  is  ex- 
tremely variable:  in  some  plants  ic  is  nearly  equal  to  them, 
in  others,  as  in  Lucerne,  the  roots  are  many  times  larger  and 
longer  than  the  stems ;  in  all  succulent  plants  and  in  Cucur- 
bitaceas  they  are  much  smaller.     When  the  root  is  divided  into 
a  multitude  of  branches  and  fibres,  it  is  caWeA  Jihrous :  if  the 
fibres  have  occasionally  dilatations  at  short  intervals,  they  are 
called  nodidose.     \Vlien  the  main  root  perishes  at  the  extremity, 
it  receives  the  name  of  prcB morse,  or  bitten  off:  frequently  it 
consists  of  one  fleshy  elongated  centre  tapering  to  the  ex- 
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iremity,  when  it  is  termed  fusiform  (or  tap-rooted  by  the  Eng- 
hsh,  and pivoiante  by  the  French);  or  it  dilates  immediately 
below  the  surface  of  the  earth  into  a  globose  form,  when  it  is 
named  turnip-shaped,  as  in  the  common  turnip ;  if  it  is  ter- 
minated by  several  distinct  buds,  as  in  some  herbaceous  plants, 
it  is  called  many-headed  (multiceps). 

The  roots  of  many  plants  are  often  fleshy,  and  composed 
of  lobes,  which  appear  to  serve  as  reservoirs  of  nutrunent  to 


as   in 
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the  fibrils  that  accompany  them_ 
many  terrestrial  Orehideous  plants,  Dahlias, 
&c.  These  must  not  be  confounded  either 
with  tubers  or  bulbs,  as  they  have  been  by 
some  writers,  but  are  rather  to  be  con- 
sidered a  special  form  of  the  root,  to  which 
the  name  of  Tubercules  {fig.  43.)  would  not 
be  inapplicable.  In  Orchis  the  tubercules 
are  often  palmated  or  lobed ;  in  the  Dahlia, 
and  many  Asphodeleae,  they  hang  in  clusters,  or  are  fasci- 
culated. 

In  internal  structure  the  root  diifers  little  from  the  stem, 
except  in  being  often  extremely  fleshy;  its  cellular  system 
being  subject  to  an  unusually  high  degree  of  developement  in 
a  great  many  plants,  as  the  Turnip,  the  Parsnep,  and  other 
edible  roots.  In  Endogens,  the  mutual  arrangement  of  the 
cellular  and  vascular  systems  of  the  root  and  stem  is  absolutely 
the  same ;  but  in  Exogens,  there  is  never  any  trace  of  pith  in 
the  root. 


Sect.  IV.  Of  the  Appendages  of  the  Axis. 

From  the  outside  of  the  stem,  but  connected  immediately 
with  its  vascular  system,  arises  a  variety  of  thin  flat  expan- 
sions, arranged  with  great  symmetry,  and  usually  falling  off" 
after  having  existed  for  a  few  months.  These  are  called,  col- 
lectively, appendages  of  the  axis;  and,  individually,  scales, 
leaves,  bracts,  flowers,  sexes,  and  fruit.  They  must  not  be 
confounded  with  mere  expansions  of  the  cuticle,  such  as  ra- 
menta,  already  described  (p.  49.),  from  which  they  are  kno^vn 
by  having  a  connection  with  the  vascular  system  of  the  axis. 
Till  lately,  botanists  were  accustomed  to  consider  all  these  as 
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essentially  distinct  organs ;  but,  since  the  appearance  of  an 
admirable  treatise  by  Goethe  in  1790,  On  the  Metamorphoses 
of  Plants,  proofs  of  their  being  merely  modifications  of  one 
common  type,  the  leaf,  have  been  gradually  discovered ;  so  that 
that  which,  forty  years  ago,  was  considered  as  the  romance  of 
a  poet,  is  now  universally  acknowledged  to  be  an  indisputable 
truth.  It  may,  however,  be  remarked,  that  when  those  who 
first  seized  upon  the  important  but  neglected  facts  out  of 
which  this  theoiy  has  been  constructed,  asserted  that  all  ap- 
pendages of  the  axis  of  a  plant  are  metamorphosed  leaves, 
more  certainly  was  stated  than  the  evidence  would  justify ; 
for  we  cannot  say  that  an  organ  is  a  metamorphosed  leaf,  when, 
in  point  of  fact,  it  has  never  been  a  leaf.  What  was  meant,  and 
that  which  is  supported  by  the  most  conclusive  evidence,  is, 
that  every  appendage  of  the  axis  is  originally  constructed  of  the 
same  elements,  arranged  upon  a  common  plan,  and  varying  in 
their  manner  of  developement,  not  on  account  of  any  original 
difference  in  structure,  but  on  account  of  especial,  local,  and 
predisposing  causes :  of  this  the  leaf  is  taken"  as  the  type, 
because  it  is  the  organ  which  is  most  usually  the  result  of  the 
developement  of  those  elements,  — is  that  to  which  the  other 
organs  generally  revert,  when,  from  any  accidental  disturbing 
cause,  they  do  not  sustain  the  appearance  to  which  they  were 
originally  predisposed,  —  and  moreover,  is  that  in  which  we 
have  the  most  complete  state  of  organization. 

It  is  not  my  intention  to  enter  into  nuich  separate  discussion 
of  this  doctrine;  proof  of  it  will  be  more  conveniently  ad- 
duced as  the  different  modifications  of  the  appendages  of  the 
axis  come  separately  under  consideration.  The  leaf,  as  the 
first  that  is  formed,  the  most  perfect  of  them  all,  and  that 
which  is  most  constantly  pi'esent,  is  properly  considered  the 
type  from  which  all  the  others  are  deviations,  and  is  that 
with  the  structure  of  which  it  is  first  necessary  to  become 
acquainted. 
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1.     or  the  Leaf. 


48  49 

The  leaf  is  an  expansion  of  the  bark  at  the  base  of  a  leaf- 
bud,  prioi'  to  which  it  is  developed.  In  most  plants  it  con- 
sists of  cellular  tissue  filling  up  the  interstices  of  a  net-work 
of  fibres  that  proceed  from  the  stem,  and  ultimately  separating 
from  the  bark  by  an  articulation ;  in  many  Monocotyledonous 
plants.  Ferns,  and  Mosses,  no  articulation  exists,  and  the  base 
of  the  leaf  only  separates  from  its  parent  stem  by  rotting 
away. 

This  difference  of  organisation  has  given  rise  to  a  distinc- 
tion, on  the  part  of  Oken,  between  the  articulated  leaves  of 
Dicotyledons  and  the  inarticulated  leaves  of  Monocotyledons 
and  Acotyledons :  the  former  he  calls  true  leaves,  and  dis- 
tinguishes by  the  name  of  Lauh ;  the  latter  he  considers 
foliaceous  dilatations  of  the  stem,  analogous  to  leaves,  and 
calls  Blatt. 

A  leaf  consists  of  two  parts ;  namely,  its  stalk,  which  is 
called  the  stalk  or  petiole  [Jig.  4.5.  a),  and  its  expanded  surface, 
which  is  called  the  blade  or  lamina  (Jig.  45.  c,  h,  d) :  in  ordi- 
nary language  the  latter  term  is  not  employed,  but  in  very 
precise  descriptions  it  is  indispensable. 

The  point  where  the  base  of  the  upper  side  of  a  leaf  joins 
the  stem  is  called  the  axil ;  any  thing  which  arises  out  of  that 
point  is  said  to  be  axillary.  If  a  branch  or  other  process 
proceeds  from  above  the  axil,  it  is  called  supra-axillary ;  if 
from  below  it,  infra-axillary. 
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The  scar  formed  by  the  separation  of  a  leaf  from  its  stem 
is  called  the  cicatricule.  The  withered  remains  of  leaves, 
which,  not  being  articulated  with  the  stem,  cannot  fall  off, 
but  decay  upon  it,  are  called  reliquice  or  induvice  {debris,  Fr.), 
and  the  part  so  covered  is  said  to  be  hviuviate. 

When  leaves  are  placed  in  pairs  on 
opposite  sides  of  a  stem  (^y.50.),  and 
on  the  same  plane,  they  are  called  op- 
posite: if  more  than  two  are  opposite, 
they  then  form  what  is  called  a  whorl, 
or  verticillus  :  but  if  they  arise  at  re- 
irular  distances  from  each  other  round 
the  stem,  and  not  from  the  same  plane, 
they  are  then  called  alternate. 

In  plants  having  Exogenous  stems, 
the  first  leaves, — namely,  those  which 
are  present  in  the  embryo  itself  {cotyledons),  —  are  uni- 
formly opposite ;  but  those  subsequently  developed  are  either 
opposite,  verticillate,  or  alternate  in  different  species  :  on  the 
contrary,  in  Endogens,  the  embryo  leaf  is  either  solitary,  or, 
if  there  are  two,  they  are  alternate :  and  those  subsequently 
developed  are  usually  alternate  also,  but  few  cases  occurring 
in  which  they  are  opposite. 

Hence  some  have  formed  an  opinion  that  the  normal  posi- 
tion of  the  leaves  of  Exogens  is  opposite,  or  verticillate ;  and 
that  when  the  leaves  are  alternate,  this  arises  from  the  exten- 
sion of  a  node;  while  that  of  Endogens  is  alternate,  the  whorls 
beinff  the  result  of  the  contraction  of  internodes. 

But  it  seeiBs  more  probable  that  the  normal  position  of 
all  leaves  is  alternate,  and  their  position  upon  the  stem  an 
elongated  spiral,  as  is  in  many  cases  exceedingly  apparent, 
as,  for  instance,  in  the  genus  Pinus,  in  Pandanus,  which  is 
actually  named  Screw-pine,  in  consequence  of  the  resem- 
blance its  shoots  bear  to  a  screw,  and  in  the  Pine  apple ;  the 
Apple,  the  Pear,  the  Willow,  the  Oak,  will  also  be  found  to 
indicate  the  same  arrangement,  which  is  only  less  apparent 
because  of  the  distance  between  the  leaves,  and  the  irregu- 
larity of  their  direction.  If,  in  the  Apple  tree,  for  instance,  a 
line  be  drawn  from  the  base  of  one  leaf  to  the  base  of  another, 
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and  the  leaves  be  then  broken  off,  it  will  be  found  that  a  per- 
fectly spiral  line  will  have  been  formed.  Upon  this  supposition, 
opposite  or  whorled  leaves  are  to  be  considered  the  result  of 
a  peculiar  non-developement  of  internodes,  and  the  consequent 
confluence  of  as  many  nodes  as  there  may  be  leaves  in  the 
whorl.  Rhododendron  ponticum  will  furnish  the  student 
with  an  illustration  of  this:  on  many  of  its  branches  some 
of  the  leaves  are  alternate  and  others  opposite ;  and  several 
intermediate  states  between  these  two  will  be  perceivable. 
In  many  plants,  the  leaves  of  wliich  are  usually  alternate, 
there  is  a  manifest  tendency  to  the  approximation  of  the  nodes, 
and  consequently  to  an  opposite  arrangement  of  the  leaves,  as 
in  Solanum  nigrum,  and  many  other  Solaneae*;  while,  on  the 
other  hand,  leaves  that  are  usually  opposite,  separate  then- 
nodes  and  become  alternate,  as  in  Erica  mediterranea:  but  this 
is  more  rare. 

The  best  argument  in  support  of  the  hypothesis,  that  all 
whorls  arise  from  the  non-developement  of  internodes  and  con- 
fluence of  nodes,  is,  however,  to  be  derived  from  flowers,  which 
are  several  series  of  whorls,  as  will  be  seen  hereafter.  In 
plants  with  alternate  leaves,  the  flowers  often  change  into 
young  branches,  and  then  the  whorls  of  which  they  consist 
are  broken,  the  nodes  separate,  and  those  parts  that  were 
before  opposite  become  alternate ;  and  in  monstrous  Tulips, 
the  whorls  of  which  the  flower  consists  are  plainly  seen  to 
arise  from  the  gradual  approximation  of  leaves,  which  in  their 
unchanged  state  are  alternate. 

A  most  elaborate  memoir  has  lately  been  produced  by  a 
j'oung  German  named  Braun,  to  prove,  mathematically,  not 
only  that  the  spiral  arrangement  is  that  which  is  everywhere 
visible  in  the  disposition  of  the  appendages  of  the  axis,  but 
that  each  species  is  subject  to  certain  fixed  laws,  under  which 
the  nature  of  the  spires,  and  in  many  cases  their  number, 
are  determined.  The  original  appeared  in  the  Nova  Acta  of 
the  Imperial  Academy  Naturm  Curiosorum  ;  and  a  very  full 
abstract  of  it  has  been  given  by  Martins,  in  the  first  volume 
of  the  Archives  de  Botanique,  from  which  we  borrow  what 
follows : 

*  Introduction  to  the  Natural  System  of  Botany,  p.  231. 
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The  scales  of  the  fruit  of  Coniferous  plants  are  nothing  but 
pistillary  leaves,  which  do  not  form,  like  the  floral  envelopes  of 
other  plants,  a  complete  cavity  surrounding  the  sexual  organs 
on  all  sides,  but  which  are  slightly  concave,  and  protect  them 
on  one  side  only.  This  point  admitted,  if  we  consider  atten- 
tively the  cone  of  a  Pine,  or  of  a  Spruce  Fir,  we  are  at  once 
led  to  inquire  whether  the  scales  are  arranged  in  spires  or  in 
whorls.  Breaking  through  its  middle  a  cone  of  Pinus  Picea 
(Silver  Fir),  we  remark  three  scales,  which  at  first  sight  ap- 
pear to  be  upon  the  same  plane;  but  a  more  attentive  examin- 
ation shows  that  they  really  originate  at  different  heights,  and, 
moreover,  that  they  are  not  placed  at  equal  distances  from 
each  other;  so  that  we  cannot  consider  them  a  whorl,  but 
only  a  portion  of  a  very  close  spiral.  But,  considering  the 
external  surface  of  the  cone  viewed  as  a  whole,  we  find  that 
the  scales  are  disposed  in  oblique  lines,  which  may  be  studied 
—  1.  As  to  their  composition,  or  the  number  of  scales  requisite 
to  form  one  complete  turn  of  the  spire ;  2d,  As  to  their  in- 
dination,  or  the  angle,  more  or  less  open,  which  they  form  with 
their  axis ;  3d,  As  to  their  total  number,  and  their  arrange- 
ment round  the  common  axis,  which  constitutes  their  co-ordi- 
nation. Finally,  we  may  endeavour  to  ascertain  whether  the 
spires  turn  from  right  to  left,  or  vice  versa. 

He  then  proceeds  to  show,  that  the  spiral  arrangement  is 
not  only  universal,  but  subject  to  laws  of  a  very  precise  na- 
ture. The  evidence  upon  which  this  is  founded  is  long  and 
ingenious,  but  would  be  unintelligible  without  the  plates 
which  illustrate  it.  I  must,  therefore,  content  myself  with 
mentioning  the  results.  Setting  out  from  the  Pine  cone  above 
referred  to,  he  found  that  several  series  of  spires  are  dis- 
coverable in  the  arrangement  of  their  scales,  and  that  there 
invariably  exists  between  these  spires  certain  arithmetical 
relations,  which  are  the  expression  of  the  various  combina- 
tions of  a  certain  number  of  elements,  disposed  in  a  regular 
manner.  All  the  spires  depend  upon  the  position  of  a  funda- 
mental series,  from  which  the  others  are  deviations.  The 
nature  of  the  fundamental  series  is  expressed  by  a  fraction,  of 
which  the  numerator  indicates  the  whole  number  of  turns 
required   to   complete  one  spire,   and   the    denominator  the 
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number  of  scales  or  parts  that  constitute  it.  Thus  #y  indicates 
that  eight  turns  are  made  round  the  axis  before  any  scale  or 
part  is  exactly  vertical  to  that  which  was  first  formed,  and  the 
number  of  scales  or  parts  that  intervene  before  this  coincidence 
takes  place  is  21. 

The  following  are  some  of  the  results  thus  obtained  by 
Braun,  in  studying  the  composition  of  the  spires  of  different 
plants :  — 

^  in  Asarum,  Aristolochia,  Lime  tree,  Vetch,  Pea,  the  spikes 
of  all  grasses. 

3-  is  rare  in  Diotyledons,  and  generally  changes  into  more 
complicated  spires.  It  exists  in  Cactus  speciosus,  and  some 
others. 

f  is  the  most  common  of  all,  and  represents  the  quincunx. 
Mezereum,  Lapsana  communis,  Polemoniurn  coeruleum., 
Potato,  are  examples. 

%  is  also  common,  as  in  the  Bay-tree,  the  Holly,  common 
Aconite,  and  the  tuft  of  I'adical  leaves  of  Plantago  media. 

-^  exists  where  the  leaves  are  numerous  and  their  intervals 
small.  Wormwood,  common  Arbutus,  dwarf  Convolvulus,  and 
the  tufts  of  leaves  in  London  Pride  and  Dandelion,  are  in- 
stances. 

2^  in  Woad,  Plantago  lanceolata,  the  bi'acts  of  Digitalis 
lanata. 

il  in  Sempervivum  arboreum,  the  bracts  of  Plantago  media, 
and  of  Protea  argentea. 

1^  was  found  on  an  old  trunk  of  Zamia  horrida,  and  ten 
species  of  Cactus  (coronarius  and  difformis). 

It  does  not,  however,  appear  that  this  inquiry  has  led  to 
any  thing  beyond  the  estabHshment  of  the  fact,  that,  beginning 
from  the  cotyledons,  the  whole  of  the  appendages  of  the  axis 
of  plants — leaves,  calyx,  corolla,  stamens,  and  carpels — form 
an  uninterrupted  spire,  governed  by  laws  which  are  nearly 
constant.  No  application  of  the  doctrine  appears  practicable, 
except  to  assist  in  the  distinction  of  species,  for  which  it  would 
be  well  adapted,  if  the  determination  of  the  series  with  the 
requisite  precision  were  less  difficult ;  this  is  shown  in  the  fol- 
lo-wdng  instances  of  difference  in  the  fundamental  spire  in 
neai'ly  allied  species. 
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Pinus  pinaster,  ^1 — sylvestris,  H  —  cembra,  /t — larix,  ^. 
— microcarpa  f. 

Betula  alba  and  pubescens,  ot  and  ^  —  fruticosa  gene- 
rally, -h- 

Corylus  avellana,  ^t — americana  and  tubulosa,  ^f  in  their 
male  catkins. 

The  whole  of  this  curious  question  has  been  greatly  simpli- 
fied by  Professor  Henslow,  in  observations  printed  some 
months  ago  for  private  circulation  ;  and  we  are  happy  to  be 
able,  by  the  permission  of  their  liberal  author,  to  lay  them  in 
this  place  before  the  public. 


"  The  scales  on  a  cone  of  the  Spruce  Fir  [Abies  excelsa)  are 
placed  spirally  round  the  axis,  at  equal  intervals ;  and  after 
eight  coils  of  the  spiral,  the  twenty-second  scale  ranges  verti- 
cally over  the  first.  If  this  arrangement  be  referred  to  a 
cylinder,  and  then  projected  on  a  plane  cutting  its  axis  at 
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right  angles,  the  angular  distance  {Divergence)  between  two 
contiguous  scales,  seen  from  the  centre,  is  ^^^  of  the  circum- 
ference. Hence  the  divergence  of  the  generating  or  primary 
spiral  ^.  The  various  peculiarities  of  the  secondary  spirals 
which  result  from  the  above  arrangement,  may  be  seen  by 
inspecting  fig.  51. 

A.  If  any  figure  in  this  circle  represent  the  divergence  of  a 
spiral,  the  same  will  also  represent  the  number  of  coils  which 
that  spiral  must  make  before  the  twenty-second  scale  upon  it 
comes  vertically  over  the  first. 

B.  The  figures  in  this  circle  (corresponding  to  the  several 
divergencies  in  A.)  show  the  number  of  similar  and  parallel 
spirals  which  must  be  coiled  round  the  cylinder,  in  order  that 
every  scale  may  range  upon  them. 

The  same  figures  also  indicate  the  height  of  each  spiral  — 
viz.:  either  the  comparative  lengths  of  the  vertical  lines  be- 
tween scales  1.  and  22.  or  the  distance  between  two  horizontal 
circles  through  scales  1.  and  2. ;  and,  lastly. 

These  figvn'es  are  the  common  differences  in  the  different 
arithmetic  series  apparent  on  the  consecutive  scales  of  each 
spiral. 

C  is  the  arrangement  of  the  first  twenty-one  scales  on  the 
generating  spiral. 

D  shows  the  number  on  the  scales  which  begin  a  secoiid 
series  of  each  kind  of  spiral,  i.  e.  the  numbers  on  their  twenty- 
second  scales. 

N.  B.  The  number  on  the  scale  which  begins  a  fresh  series 
oi  any  spiral  is  found  by  the  formula  (a  +  21  B)  where  (a)  = 
the  number  on  the  scale  beginning  a  former  series  of  the 
spiral,  and  B  the  common  difference  of  the  numbers  on  two 
contiguous  scales. 

Ex.  Gr.  Considering  the  spiral  {Jig.  52.)  through  the  scales 
1.  9.  17.  &c.,  153.  161.  169.  &c.  A.  1st,  Its  divergence  (from  1 
to  9)  is  100 — 20,  and,  2d,  It  must  coil  once  towards  the  left, 
or  twenty  times  towards  the  right  (of  a  spectator  at  the  axis) 
before  it  passes  through  the  twenty-second  scale  upon  it  (viz. 
No.  169.),  which  ranges  vertically  over  the  first.  B.  1st,  There 
are  seven  other  similar  spirals  parallel  to  it.  2d,  Their  height 
(as  from  1  to  169)  =  eight  times  the  height  from  1  to  22; 
and,  3d,  The  common  difference  of  the  numbers  of  the  scales 
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is  also  eight.  The  position  of  the  several  heginnhu/s  of  the  8 
spirals  (viz.  on  Nos.  1.  to  8.)  is  shown  in  C;  and  in  D  we 
have  the  numbers  (169.  106.  43.  &e.)  which  respectively 
begin  th.e  second  series  of  each  spiral. 

To  discover  the  primary  spiral,  we  may  fix  on  any  scale 
as  a  point  of  departure  (No.  1.),  and  then,  by  numbering  the 
scales  on  two  of  the  secondary  spirals  (as  1.  9.  17.  &c.  and 
1.  6.  11.  &c.)  which  proceed  in  opposite  directions,  we  may 
afterw-ards  very  readily  place  the  numbers  on  all  the  scales. 
The  easiest  method  of  obtaining  the  common  differences  (viz. 
8  and  5),  for  the  purpose  of  numbering  the  scales  in  the  two 
cases  selected,  is  to  draw-  a  circle  roimd  the  cone,  and  count 
the  nvnnber  of  each  of  the  two  kinds  of  spirals  intersecting  it 
(which  will  be  8  of  the  first  and  5  of  the  second).  When  a 
secondary  spiral  perfects  a  complete  coil  (as  1.  9.  &c.  161. 
169.),  tlie  ntmiber  of  the  spirals  of  the  same  kind  is  readily 
seen;  but  the  former  mode  for  obtaining  this  number  will 
apply  equally  well  to  cases  where  the  cone  is  too  short  for  the 
coils  to  be  completed." 

In  their  normal  state  leaves  are  obviously  distinct,  both  from 
each  other  and  from  the  stem.  But,  in  some  cases,  adhesions 
of  various  kinds  occur,  and  give  them  a  new  character.  Thus, 
in  Cardui,  and  many  other  thistle-like  plants,  the  elongated 
bases  of  the  leaves  adhere  to  the  stem,  and  become  what  is 
called  decurrent.  In  Bupleurum  perfoliatum  the  lobes  of  the 
base  of  the  leaf  not  only  cohere  with  the  stem,  but,  projecting 
beyond  it,  grow  together,  so  as  to  resemble  a  leaf  through 
which  the  stem  has  pierced :  this  is  called  being  perfoliate. 
Frequently  two  opposite  leaves  grow  together  at  the  base,  as 
in  Caprifolium  perfoliatum ;  to  this  modification  the  latter 
term  is  often  also  applied,  but  that  of  connate  is  what  more 
properly  belongs  to  it. 

The  anatomical  structure  of  the  leaf  is  this  :  —  From  the 
medul'ary  sheath  diverges  a  bundle  of  woody  tissue,  accom- 
panied by  spiral  vessels :  this  passes  through  the  bark,  and 
proceeds,  at  an  angle  more  or  less  acute,  to  a  determinate 
distance  from  the  stem,  branching  off  at  intervals,  and,  by 
numerous  ramifications,  forming  a  kind  of  network.  At  the 
point  of  the  stem  whence  the  bundle  of  fibro-vascular  tissue 
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issues,  the  cellular  tissue  of  the  bark  also  diverges,  accom- 
panying the  fibro- vascular  tissue,  expanding  with  its  ramifi- 
cations, and  filling  up  their  interstices.  The  tissue  that 
proceeds  from  the  medullary  sheath,  after  having  passed  from 
the  origin  of  the  leaf  to  its  extremity,  doubles  back  upon 
itself,  forming  underneath  the  first  a  new  layer  of  fibre, 
which,  upon  its  return,  converges  just  as  the  first  layer 
diverged,  at  length  combining  into  a  single  bmidle,  corre- 
sponding in  bulk  and  position  to  that  which  first  emerged, 
and  finally  discharging  itself  into  the  liber.  If,  therefore,  a 
section  of  the  leaf  and  stem  be  carefully  made  at  a  nodus,  it 
will  be  found  that  the  bundle  of  woody  tissue  which  forms  the 
frame-work  of  the  leaf  communicates  above  with  the  medidlary 
sheath,  and  below  with  the  liber.  This  is  easily  seen  in  the 
spring,  when  the  leaves  are  young ;  but  is  not  so  visible  in 
the  autumji,  when  their  existence  is  drawing  to  a  close.  The 
double  layer  of  fibrovascular  tissue  is  also  perceptible  in  a  leaf 
which  has  laid  during  the  winter  in  some  damp  ditch,  where 
its  cellular  substance  has  decayed,  so  that  the  cohesion  between 
the  upper  and  lower  layers  is  destroyed  :  they  can  then  be 
easily  separated.  The  curious  Indian  leaves  which  have  the 
property  of  opening,  upon  slight  violence,  like  the  leg  of 
a  silk  stocking,  so  that  the  hand  may  be  thi-ust  between 
their  upper  and  lower  surfaces,  derive  that  singular  separa- 
bility from  an  imperfect  union  between  the  layer  of  excurrent 
and  recurrent  fibre.  De  Candolle  remarks,  that,  when  the 
fibres  expand  to  form  the  limb  of  a  leaf,  they  may  (whether 
this  phenomenon  occurs  at  the  extremity  of  a  petiole,  or  at 
the  point  of  separation  from  the  stem)  do  so  after  two  different 
systems :  they  may  either  constantly  preserve  the  same  plane, 
when  common  flat  leaves  are  formed ;  or  they  may  expand  in 
any  direction,  when  cylindrical  or  swollen  or  triangular  leaves 
are  the  result.      {Organogr.  p.  270.) 

The  cellular  tissue  of  which  the  rest  of  the  leaf  is  composed 
is  parenchyma,  which  Link  then  calls  diachyma^  or  that  im- 
mediately beneath  the  two  surfaces  cortex^  and  the  intermediate 
substance  diploe.  De  Candolle  calls  these  two,  taken  to- 
gether, the  mesophyllum.  The  whole  is  protected,  in  leaves 
exposed  to  air,  by  a  coating  of  cuticle,  furnished  with  stoma- 
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tes;  but  in  submersed  leaves  the  parenchyma  is  naked,  no 
cuticle  overlaying  it. 

The  general  nature  of  the  parenchymatous  part  of  leaves 
has  been  very  well  explained,  both  by  Link  and  others,  and 
figured  by  Mohl,  firstly  in  1828  ( Uher  die  Poren  des  Pflanzen- 
zellgewebes^  tab.  i.  fig.  4,  &c.),  and  afterwards  in  his  very  ela- 
borate enquiry  into  the  Anatomy  of  Palms.  But  the  most 
complete  account  is  that  of  Adolphe  Brongniart,  in  1830 
{Annales  des  Sc,  vol.  xxi.  p.  420.),  of  which  the  principal 
part  of  what  follows  is  an  abstract. 

The  cuticle  is  a  layer  of  bladders  adhering  firmly  to  each 
other,  and  sometimes  but  slightly  to  the  subjacent  tissue,  from 
which  they  are  entirely  different  in  form  and  nature :  in  form, 
for  the  cellules  are  depressed,  and,  in  consequence  of  the  variety 
of  outline  that  they  present,  form  meshes  either  regular  or 
irregular ;  and  in  nature,  because  these  bladders  are  perfectly 
transparent,  colourless,  and  probably  filled  with  air,  —  for  the 
manner  in  which  light  passes  through  them  proves  that  they 
do  not  contain  dense  fluid.  They  scarcely  ever  contain  any 
organic  particles,  and  are  probably  but  little  permeable  either 
to  fluids  or  gaseous  matter;  while,  on  the  other  hand,  tlie 
bladders  of  the  subjacent  parenchyma  are  filled  with  the  green 
substance  that  determines  the  colour  of  the  leaf.  The  cuticle 
is  not  always  formed  of  a  single  layer  of  bladders,  but  in  some 
cases  consists  of  two,  or  even  three.  No  trace  whatever  is 
discoverable  of  vessels  either  terminating  in  or  beneath  the 
cuticle ;  Brongniart  states  this  most  explicitly,  and  my  own 
observations  are  entirely  in  accordance  with  his :  an  opinion, 
therefore,  which  some  botanists  have  entertained,  that  spiral 
vessels  terminate  in  the  stomates  (D.  C.  Organogr.  p.  272, 
&c.),  must  hereafter  be  abandoned.  At  the  margin  of  a  leaf 
the  cuticle  is  generally  harder  than  elsewhere,  and  sometimes 
becomes  so  indurated  as  to  assume  a  flinty  texture,  as  in  the 
Aloe,  and  many  other  plants. 

Stomates  (p.  39,)  are  found  upon  various  parts  of  the  cu- 
ticle :  in  some  plants  only  on  that  of  the  under  side  of  leaves, 
in  others  on  the  upper  also ;  in  floating  leaves  upon  the  latter 
onlv.  When  leaves  are  so  turned  that  their  margins  are 
directed  towards  the  earth  and  the  heavens,  the  two  faces  are 
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then  alike  in  appearance,  and  are  both  equally  fm'nished  with 
stomates.  In  succulent  leaves  they  are  said  to  be  either  alto- 
gether absent  or  very  rare ;  but  this  is  not  exactly  the  fact. 
They  are  fewer  and  smaller,  and  perhaps  more  imperfect,  in 
succulent  than  in  other  parts,  but  by  no  means  absent.  Ac- 
cording to  the  observations  of  De  Candolle  {Organoyr.  p.  272.), 
they  are,  in  the  Orange  and  the  Mesembryanthemum,  as  ten 
in  the  former  to  one  in  the  latter. 

T  have  remarked  [Bot.  Ttcg.  1540.)  the  singular  fact,  that 
certain  plants  have  the  power  of  forming  stomates  on  the 
upper  surface  of  their  leaves,  if  from  any  cause  their  leaves 
are  inverted.  Thus  the  stomates  are  usually  upon  the  under 
side  of  leaves,  where  also  the  veins  are  more  prominent,  and 
hairs  appear  exclusively,  if  hairs  are  found  upon  only  one 
of  the  two  surfaces.  In  Alstromeria  that  side  of  the  leaves 
which  is  organically  the  undermost  becomes,  in  consequence 
of  a  twist  in  the  petiole,  the  uppermost,  and  that  side  which  is 
born  uppermost  is  turned  undermost;  and  then  the  organic 
underside,  being  turned  uppermost,  has  no  stomates;  while 
the  organic  upper  side,  being  turned  downwards,  although  un- 
der other  circumstances  it  would  have  neither  stomates,  hairs, 
nor  elevated  veins,  acquires  all  those  characters  in  conseqiaence 
of  its  inversion.  A  very  curious  observation,  in  connection 
Avith  this  subject,  has  been  made  by  Mirbel,  in  his  memoir 
upon  the  structure  of  Marchantia  polymorpha. 

The  young  bulbs' by  which  this  plant  is  multiplied  are  ori- 
ginally so  homogeneous  in  structure,  that  there  is  no  apparent 
character  in  their  organisation  to  show  which  of  their  faces  is 
destined  to  become  the  upper  surface,  and  which  the  under. 
For  the  purpose  of  ascertaining  whether  there  existed  any 
natural  but  invisible  predisposition  in  the  two  faces  to  undergo 
the  changes  which  subsequently  become  so  apparent,  and  by 
means  of  which  their  respective  functions  are  performed,  or 
whether  the  tendency  is  given  by  some  cause  posterior  to  their 
first  creation,  the  following  experiments  were  instituted :  — 
Five  bulbs  were  sown  upon  powdered  sandstone,  and  it  was 
foiuul  that  the  face  which  touched  the  sandstone  produced 
roots,  and  the  opposite  face  formed  stomates.  It  was,  how- 
ever, possible  that  the  five  bulbs  might  have  all  accidentally! 
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fallen  upon  the  face  which  was  predisposed  to  emit  roots; 
other  experiments  of  the  same  kind  were  therefore  tried,  first 
with  eighty,  and  afterwards  with  hundreds  of  little  bulbs,  — 
and  the  result  was  the  same  as  with  the  five.  This  proved 
that  either  face  was  originally  adapted  for  producing  either 
roots  or  stomates,  and  that  the  tendency  was  determined 
merely  by  the  position  in  which  the  surfaces  were  placed. 
The  next  point  to  ascertain  was,  whether  the  tendency  once 
given  could  be  afterwards  altered.  Some  little  bulbs,  that  had 
been  growing  for  twenty-four  hours  only,  had  emitted  roots  ; 
they  were  turned,  so  that  the  upper  surface  touched  the  soil, 
and  the  under  was  exposed  to  light.  In  twenty-four  hours 
more  the  two  faces  had  both  produced  roots :  that  which  had 
originally  been  the  under  surface  went  on  pushing  out  new 
roots;  that  which  had  originally  been  the  upper  surface  had 
also  produced  roots :  but  in  a  few  days  the  sides  of  the  young 
plants  began  to  rise  from  the  soil,  became  erect,  turned  over, 
and  finally  recovered  in  this  way  their  original  position,  and 
the  face  which  had  originally  been  the  uppermost  immediately 
became  covered  with  stomates.  It,  therefore,  appears  that, 
the  impulse  once  given,  the  predisposition  to  assume  particular 
appearances  or  functions  is  absolutely  fixed,  and  will  not 
change  in  the  ordinary  course  of  nature.  This  is  a  fact  of 
vei'y  high  interest  for  those  who  are  occupied  with  researches 
into  the  causes  of  what  is  called  vegetable  metamorphosis. 

The  parenchyma  is,  if  casually  examined,  or  even  if  viewed 
in  slices  of  too  great  thickness,  apparently  composed  of  heaps 
of  small  green  bladders,  arranged  with  little  order  or  regu- 
larity; but,  if  very  thin  slices  are  taken  and  viewed  with  a 
high  magnifying  power,  it  will  be  seen  that  nothing  can  be 
more  perfect  than  the  plan  upon  which  the  whole  structure  is 
contrived,  and  that,  instead  of  disorder,  the  most  wise  order 
pervades  the  whole.  Upon  this  subject  I  extract  the  words 
of  Adolphe  Brongniart:  —  "There  exists  beneath  the  vipper 
cuticle  two  or  three  layers  of  oblong  blunt  vesicles,  placed  per- 
pendicular to  the  surface  of  the  leaf,  and  generally  much  less 
in  diameter  than  the  bladders  of  the  cuticle ;  so  that  they  are 
easily  seen  through  it.  These  vesicles,  which  appear  speciallv 
destined  to  give  solidity  to  the  parenchyma  of  the  leaf,  have 
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no  Other  intervals  than  the  little  spaces  that  result  from  the 
contact  of  this  sort  of  cylinder :  nevertheless,  in  plants  that 
have  stomates  on  the  upper  surface  of  their  leaves,  as  is  the 
case  in  most  herbaceous  plants,  and  in  such  as  float  on  the 
surface  of  water,  there  exists  here  and  there  among  the  vesicles 
some  large  spaces,  through  which  the  stomates  communicate 
with  the  interior  of  the  leaf. 

This  parenchyma  is  entirely  different  from  what  is  found 
beneath  the  cuticle  of  the  lower  side.  There,  instead  of  con- 
sisting of  regular  cylindrical  vesicles,  it  is  composed  of  irre- 
gular ones,  often  having  two  or  three  branches,  which  unite 
with  the  limbs  of  the  vesicles  next  them,  and  so  form  a  reticu- 
lated parenchyma;  the  spaces  between  whose  vesicles  are 
much  laroer  than  the  vesicles  themselves. 

It  is  this  reticulated  tissue,  with  large  spaces  in  it  (to  which 
the  name  of  cavernous  or  spongy  parenchyma  might  not  im- 
properly be  applied),  that,  in  most  cases,  occupies  at  least 
half  the  tliickness  of  the  leaves  between  the  veins.  The 
arrangement  of  the  vesicles  is  very  obvious  if  the  lower  cuticle 
of  certain  leaves  be  lifted  up  with  the  layer  of  parenchyma 
that  is  applied  against  it;  it  may  then  be  seen  that  these 
anastomosing  vesicles  form  a  net  with  large  meshes  —  a  sort  of 
grating — inside  the  cuticle.  It  must  not,  however,  be  supposed 
that  this  structure,  which  I  have  remarked  in  several  ferns, 
and  in  a  great  many  dicotyledonous  plants,  is  without  excep- 
tion. In  many  monocotyledonous  and  succulent  plants  we 
have  some  remarkable  modifications  of  this  structure.  Thus, 
in  the  Lily,  and  several  plants  of  the  same  family,  the  vesicles 
of  parenchyma  that  are  in  contact  with  the  lower  cuticle  are 
lengthened  out,  sinuous,  and  toothed,  as  it  were,  at  the  sides : 
these  projections  join  those  of  the  contiguous  vesicle;  and  a 
number  of  cavities  is  the  consequence,  which  render  this  sort 
of  parenchyma  permeable  to  air.  An  analogous  arrangement 
exists  in  the  lower  parenchyma  of  Galega.  In  the  Iris,  there 
is  scai'cely  any  space  between  the  oblong  and  polyedral  vesi- 
cles which  form  the  parenchyma ;  but  it  is  remarked,  that  the 
subjacent  parenchyma  is  wanting  at  every  point  where  the 
cuticle  is  pierced  by  a  stomate.  In  such  succulent  plants  as  I 
have  examined,  the  spaces  between  the  cellules  of  parenchyma 
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are  very  small;  but,  nevertheless,  here  and  tiiere,  there  are 
often  larger  cavities,  which  either  correspond  directly  with 
the  stomates,  or  are  in  communication  with  them.  The  same 
thing  happens  in  plants  with  floating  leaves,  where  the  stomates 
placed  on  the  upper  surface  correspond  with  the  layer  of  the 
cylindrical  and  parallel  vesicles ;  in  such  case  there  are,  here 
and  there,  between  these  vesicles,  empty  spaces  which  almost 
always  correspond  to  the  points  where  the  stomates  exist,  and 
which  permit  the  air  to  penetrate  between  the  vesicles  as  far 
as  the  middle  of  the  parenchyma  of  the  leaf" 

Thus  much  Adolphe  Brongniart;  who  adds,  that  in  sub- 
mersed leaves  there  is  no  cuticle,  but  the  whole  consists  of 
solid  parenchyma  alone,  in  which  there  are  no  other  cavities 
than  such  as  are  necessary  to  float  the  leaves.  The  obser- 
vations of  Mohl  and  Meyen  generally  confirm  this ;  but,  at 
the  same  time,  the  latter  mentions  several  cases  in  which  the 
texture  of  the  leaf  has  been  found  to  be  nearly  the  same 
throughout. 

Dutrochet  states  in  addition  [Ann.  des  Sc,  xxv.  245.)  that 
the  interior  of  a  leaf  is  divided  completely  by  a  number  of  par- 
titions, covered  by  the  ribs  and  principal  veins,  so  that  the  air 
cavities  have  not  actually  a  free  communication  in  every 
direction  through  the  parenchyma ;  but  are,  to  a  certain 
extent,  cut  off"  from  each  other.  This  is  conformable  to  what 
Mirbel  has  described  in  Marchantia, where  the  leafy  expansions 
are  separated  by  partitions  into  chambers,  between  which,  he 
is  of  opinion,  there  is  no  other  communication  than  what 
results  from  the  permeability  of  the  tissue. 

The  veins,  being  elongations  of  the  medullary  sheath,  neces- 
sarily consist  of  woody  tissue  and  spiral  vessels,  to  which  are 
sometimes  added  annular  ducts.  In  submersed  leaves  spiral 
vessels  are  often  wanting,  the  veins  consisting  of  nothing  but 
woody  tissue.  In  these  veins  Schultz  finds  what  he  calls 
vessels  of  the  latex,  or  of  the  nutritive  fluid ;  concerning  the 
probable  nature  of  which  see  p.  31. 

Such  are  the  general  anatomical  characters  of  leaves ;  but 
it  must  be  borne  in  mind,  that,  in  different  species,  they 
undergo  a  variety  of  remarkable  modifications.  These  arise 
either  from  the  addition  of  parenchyma  when  leaves  become 
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succulent,  or  from  the  non-developenient  of  it  when  they 
become  membranous,  or  from  the  total  suppression  of  it,  and 
even  of  the  veins  also  in  great  part,  as  in  those  which  are 
called  ramentaceous,  such  as  the  primordial  leaves  of  the 
genus  Pin  us. 

I  have  dwelt  thus  much  at  length  upon  the  structure  of  the 
leaf,  because  it  is  by  far  the  most  important  part  of  a  plant, 
and  that  of  which  the  functions  are  the  best  ascertained.  Let 
us  next  turn  our  attention  to  the  modifications  of  the  leaf. 

It  has  already  been  seen  that  a  leaf  may  consist  of  two 
distinct  parts ;  the  petiole,  or  stalk,  and  the  lamina,  or  blade : 
both  of  these  demand  separate  consideration. 

The  BLADE,  lamina,  or  llmhus,  as  it  is  called  by  some,  is 
subject  to  many  diversities  of  figure  and  division ;  most  com- 
monly it  forms  an  approach  to  oval,  being  longer  than  broad. 
That  extremity  of  the  blade  which  is  next  the  stem  is 
called  its  base  ;  the  opposite  extremity,  its  apex  ;  and  the  line 
representing  its  two  edges,  the  margin  or  circumscription. 

If  the  blade  consists  of  one  piece  only,  the  leaf  is  said   to 
be  simple,  whatever  may  be  the  depth  of  its  divisions  :  thus, 
the  entire  blade  of  Box,  the  serrated  blade  of  the  Apple,  the 
toothed  blade  of  Coltsfoot,  the  runcinate  blade  of  Taraxacum, 
tiie  pinnatifid  blade   of  Hawthorn   (which   is    often   divided 
almost    to    its    very  midrib),   are    all    considered    to    belong 
to  the   class  of  simple  leaves.     But  if  the  petiole  branches 
out,  separating  the  cellular  tissue  into  more  than  one  distinct 
portion,  each  forming  a  perfect  blade  by  itself,  such  a  leaf  is 
often  said  to  be  compowul,  whether  the  divisions  be  two,  as  in 
the  conjugate  leaf  of  Zygophyllum,  or  indefinite  in  number, 
as  in  the  many  varieties  of  pinnated  leaves.     Nevertheless,  a 
more  accurate  notion  of  a  compound  leaf  is  found  to  consist 
in  its  divisions  being  articulated  with  the  petiole,  by  which  it 
is  much  better  distinguislied  from  the  simple  leaf  than  by  the 
number  of  its  divisions.     Thus,  the  pinnated  leaf  of  a  Zamia, 
and  the  pedate  leaf  of  an  Arum,  both  in  this  sense  belong  to 
the   class  of  simple  leaves  ;  while   the   solitary  blade   of  the 
Orange,  the  common  Barberry,  8cc.  are  referable  to  the  class 
of  compound  leaves.     This  distinction  is  of  some  importance 
to   the  student  of  natural    affinities ;  for,   while   division,  of 
whatever  degree   it  may   be,  may  be  expected   to   occur  in 
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different  species  of  the  same  genus  or  order  (provided  there 
is  no  articulation),  it  rarely  happens  that  truly  compound 
leaves  —  that  is  to  say,  such  as  are  articulated  with  their 
petiole  —  are  found  in  the  same  natural  assemblage  with 
those  in  which  no  articulation  exists.  Alphonse  De  Candolle 
remarks,  indeed,  and  with  perfect  justice,  that  in  Gleditschia, 
whose  leaves  are  mostly  compound,  we  find  some  leaves  with 
their  leaflets  united,  and  therefore  not  articulated  with  their 
midrib ;  but  this  is  a  special  case,  and  can  hardly  be  con- 
sidered to  invalidate  a  general  law. 

In  speaking  of  the  sin-Jace  of  a  leaf  it  is  customary  to  make  use 
of  the  word  pagina.  Thus,  the  upper  surface  is  called  pagina 
superior;  the  lower  surface,  pagina  inferior.  Tlie  upper  surface 
is  more  shining  and  compact  than  the  under,  and  less  generally 
clothed  with  liairs  ;  its  veins  are  sunken  ;  while  those  of  the 
lower  surface  are  usually  prominent.  The  cuticle  readily 
separates  from  the  lower  surface,  but  with  difficulty  from  the 
upper.  There  are  frequently  haii's  upon  the  under  surface 
while  the  upper  is  perfectly  smooth  ;  but  there  is  scarcely  any 
instance  of  the  upper  surface  being  hairy  while  the  lower  is 
smooth. 

The  ramifications  of  the  petiole  among  the  cellular  tissue  of 
the  leaf  are  called  veins.,  and  the  manner  of  their  distribution 
is  termed  venation.  This  influences  in  a  great  degree  the 
figure  and  genei'al  appearance  of  the  foliage,  and  requires  a 
more  careful  consideration  than  it  generally  receives  in  ele- 
mentary works. 

The  vein  which  forms  a  continuation  of  the  petiole  and  the 
axis  of  the  leaf  is  called  the  midrib  or  costa :  from  this  all  the 
rest  diverge,  either  from  its  sides  or  base.  If  other  veins 
similar  to  the  midrib  pass  from  the  base  to  the  apex  of  a  leaf, 
such  veins  have  been  named  nerves  ;  and  a  leaf  with  such  an 
arrangement  of  its  veins  has  been  called  a  nerved  leaf.  If  the 
veins  diverge  from  the  midrib  towards  the  margin,  ramifying 
as  they  proceed,  such  a  leaf  has  been  called  a  venous  or  reticu- 
lated leaf.  This  is  the  sense  in  which  these  terms  were  used 
by  Linnaeus ;  but  Link  and  some  others  depart  from  so  strict 
an  application  of  them,  calling  all  the  veins  of  a  plant,nerves, 
whatever  mav  be  their  orinin  or  direction. 

Till  within  a  few  years  the  distribution  of  veins  in  the  leaf 
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liad  not  received  much  attention ;  the  terms  just  mentioned 
had  been  contrived  to  express  certain  of  the  most  striking 
forms  of  venation;  but  the  application  of  these  was  far  from 
being  sufficiently  precise.  Many  improvements  have  been  pro- 
posed by  modern  botanists ;  it  however  appears  to  me  that  the 
whole  nomenclature  of  venation  is  essentially  defective,  and 
requires  complete  revision.  My  ideas  upon  this  subject  have 
been  already  laid  before  the  public  in  the  Botanical  Register 
for  Sept.  1826,  page  1004.;  and,  as  I  am  not  aware  that  any 
objection  to  them  has  yet  been  taken,  I  shall  repeat  them  here, 
in  a  form  better  adapted  to  an  elementary  work  than  that 
under  which  they  first  appeared. 

The  objections  that  I  take  to  the  present  modes  of  distin- 
guishing veins  are  these :  —  1st,  That  the  veins  are  very  im- 
properly, as  I  think,  called  nerves,  either  in  all  cases,  as  by 
Link,  which  is  bad,  or  in  certain  cases  only,  when  they  have 
a  particular  size  or  direction,  as  by  Linnaeus  and  his  followers, 
which  is  w^orse.  Nothing  is  more  destructive  of  accurate 
ideas  in  natural  history  than  giving  names  well  understood  in 
one  kingdom  of  nature  to  oigans  in  another  kingdom  of  an 
entirely  different  kind,  unless  it  is  tlie,  perhaps,  more  repre- 
hensible practice  of  giving  two  names  conveying  totally  differ- 
ent ideas  to  the  same  organ  in  the  same  kingdom  of  nature. 
Thus,  when  the  veins  of  a  plant  are  termed  nerves,  it  is  neces- 
sarily understood  that  they  exercise  functions  of  a  similar 
nature  to  those  of  the  nerves  of  animals :  if  otherwise,  why  are 
they  so  called  ?  But  they  exercise  no  such  flinctions,  being, 
beyond  all  doubt,  mere  channels  for  the  transmission  of  fluid. 
Again,  if  one  portion  of  the  skeleton  of  a  leaf  is  called  a  vein, 
and  another  portion  a  nerve,  this  apparently  precise  mode  of 
speaking  leads  yet  more  strongly  to  the  belief,  that  the  struc- 
ture and  function  of  those  two  parts  are  as  widely  different  as 
the  structure  and  function  of  a  vein  and  a  nerve  in  the  animal 
economy ;  else  why  should  such  nice  caution  be  taken  to  dis- 
tinguish them  ?  But  it  must  be  confessed  that  there  is  no 
difference  whatever,  except  in  size,  between  the  veins  and 
nerves  of  a  leaf.  Let  us,  then,  abandon  a  term  which  is  one  of 
those  relics  of  a  barbarous  age  which  it  is  the  duty  of  modern 
science  to  expel. 

My  second  objection  applies  to  the  vague  manner  in  which 
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the  veins  of  leaves  are  at  present  described ;  whence  it  hap- 
pens that  no  precise  idea  can  be  attached  to  the  different  terms 
that  have  been  contrived  to  designate  particular  forms  of 
venation. 

A  third  objection  is  this, — that,  while  slight  modifications 
in  the  arrangement  of  the  veins  have  received  distinctive 
names,  others  of  much  greater  importance,  and  of  a  more  de- 
cided character,  have  received  no  distinctive  appellation  what- 
ever. For  these  reasons,  the  practical  weight  of  which  I  have 
long  experienced,  it  has  occurred  to  me  that  the  following- 
changes  in  the  language  used  in  speaking  of  venation  will  be 
found  better,  at  least,  than  that  for  which  they  are  substituted, 
if  they  are  not  entirely  what  could  be  desired. 

It  has  been  usual  to  call  that  bundle  of  vessels  only  which 
passes  directly  from  the  base  to  the  apex  of  a  leaf  the  rib  or  costa, 
or  midrib.  This  term  I  would  extend  to  all  main  veins  which 
proceed  directly  from  the  base  to  the  apex,  or  to  the  points  of 
the  lobes.  There  is  no  difference  in  size  in  these  ribs;  and 
in  lobed  leaves,  which  may  be  understood  as  simple  leaves, 
approaching  composition,  each  rib  has  its  own  particular  set 
of  veins. 


The  midrib  {Jig.  53. 7)  sends  forth,  alternately  right  and  left 
along  its  whole  length,  ramifications  of  less  dimensions  than 
itself,  but  more  nearly  approaching  it  than  any  other  veins : 
these  I  would  call  primary  veins  {Jig-  53.  3).  They  diverge 
from  the  midrib  at  various  angles,  and  pass  to  the  margin  of 
the  leaf,  curving  towards  the  apex  in  their  course,  and  finally, 
at  some  distance  within  the  margin,  forming  what  is  called  an 
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anastomosisj  or  junction,  with  the  back  of  the  primary  vein, 
which  hes  next  them.  That  part  of  the  primary  vein  which 
is  between  the  junctions  thus  described,  having  a  curved  di- 
rection, may  be  called  the  curved  vein.  Between  this  latter 
and  the  margin,  other  veins,  proceeding  from  the  curved  veins, 
with  the  same  curved  direction,  and  of  the  same  magnitude, 
occasionally  intervene  :  they  may  be  distinguished  by  the  name 
of  external  veins  {Jig.  53.  1).  The  margin  itself  and  these 
last  are  connected  by  a  fine  net-work  of  minute  veins,  which 
I  would  distinguish  by  the  name  of  marginal  veinlets.  From 
the  midrib  are  generally  produced,  at  right  angles  with  it,  and 
alternate  with  the  primary  veins,  smaller  veins ;  which  may 
not  improperly  be  named  costal  veins  {Jig.  53.  5).  The  pri- 
mary veins  are  themselves  connected  by  fine  veins,  which 
anastomose  in  the  area  between  them.  These  veins,  when  they 
immediately  leave  the  primary  veins,  I  call  proper  veinlets 
{Jig.  53.  4) ;  and  where-  they  anastomose,  common  veinlets. 
The  area  of  parenchyma,  lying  between  two  or  more  veins  or 
veinlets,  I  name  with  the  old  botanists  intervenium. 

These  distinctions  may  to  some  appear  over-refined ;  but  I 
am  convinced  that  no  one  can  very  precisely  describe  a  leaf 
without  the  use  eitiier  of  them,  or  of  equivalent  terms  yet  to 
be  invented.  Upon  these  principles  leaves  may  be  con- 
veniently divided  into  the  following  kinds: — 

1.  Veinless  {avenium),  wlien  no  veins  at  all  are  formed, 
except  a  slight  approach  to  a  midrib,  as  in  Mosses,  Fuci,  &c. 
Leaves  of  this  description  exist  only  in  the  lowest  tribes  of 
foliaceous  plants,  and  must  not  be  confounded  with  the  fleshy 
or  thickened  leaves  common  among  the  higher  orders  of 
vegetation,  in  which  the  veins  are  by  no  means  absent,  but 
only  concealed  within  the  substance  of  the  parenchyma.  (See 
No.  10.)      Of  this  De  Candolle  has  two  forms,  —  first,    his 

Jblia  nullinervia,  in  which  there  is  not  even  a  trace  of  a 
midrib,  as  in  Ulva;  and  second,  his  Jolia  Jalsinervia,  in  which 
a  trace  of  a  midrib  is  perceptible.  These  terms  appear  to  me 
unnecessary;  but,  if  they  be  employed,  the  termination  nervia 
must  be  changed  to  venia. 

2.  Equal-veined   {cequalivenium)^   when   the   midrib   is  per- 
fectly formed,  and  the  veins  are  all  of  equal  size,  as  in  Ferns- 
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This  kind  of  leaf  has  not  been  before  clistingnished:  it  may 
be  considered  intermediate  between  those  without  veins  and 
those  in  which  primary  veins  are  first  apparent.  The  veins 
are  e^jual  in  power  to  the  proper  veinlets  of  leaves  of  a  higher 
class. 

3.  Straight-veined  [rectivenium) .  In  this  the  veins  are  en- 
tirely primary,  generally  very  much  attenuated,  and  arising 
from  towards  the  base  of  the  midrib,  with  which  they  lie 
nearly  parallel:  they  are  connected  by  proper  veinlets;  but 
there  are  no  common  veinlets.  The  leaves  of  Grasses  and  of 
Palms  and  Orchideous  plants  are  of  this  nature.  This  form 
has  been  called  by  Link  parallcli  and  convergenti-nervosum^ 
according  to  the  degree  of  parallelism  of  the  primary  veins; 
and  to  these  two  he  has  added  what  he  calls  venuhso-nervosumy 
when  the  primary  veins  are  connected  by  "proper  veinlets; 
but  as  this  is  always  so,  although  it  is  not  in  all  cases  equally 
apparent,  the  term  is  superfluous.  Ach.  Richard  calls  this 
form  laterinercium^  and  De  CandoUe  rcctinervium  ;  from  which 
I  do  not  find  it  advisable  to  distinguish  his  rnptinervium, 
which  indicates  the  straight-veined  leaf,  when  the  veins  are 
thickened  and  indurated,  as  in  the  Palm  tribe. 

4.  Curve-veined  {curvivenium) .  This  is  a  particular  modifi- 
cation of  the  last  form,  in  which  the  primary  veins  are  also 
parallel,  simple,  and  connected  by  unbranched  proper  vein- 
lets  ;  do  not  pass  from  near  the  base  to  the  apex  of  the  leaf, 
but  diverge  from  the  midrib  along  its  whole  length,  and  lose 
themselves  in  the  margin.  This  is  the  folium  hinoideum 
and  venuloso-hinoideum  of  Link,  the  f.  j)enninei^ium  of  A. 
Richard,  and  the  f.  mrvinemium  of  De  Candolle.  It  is  com- 
mon in  Scitamineae.  It  is  not  improbable  that  both  this  and 
the  last  ought  to  be  regarded  as  peculiar  modifications  of 
petiole  (a  kind  of  phyllodia),  rather  than  as  true  leaves  analo- 
gous to  those  next  to  be  described. 

5.  Netted  {reticidatum).  Here  the  whole  of  the  veins  that 
constitute  a  completely  developed  leaf  are  present,  arranged 
as  I  have  above  described  them,  there  being  no  peculiar  com- 
bination of  any  class  of  veins.  This  is  the  common  form  of 
the  leaves  of  Dicotyledons,  as  of  the  Lilac,  the  Rose,  &c.  It 
is  the  folium  venosum   of  Linnaeus,    the  f.    indirecte  venosum 
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of  Link,  the  f.  mixtinervium  of  A.  Richard,  and  ihef.  retiner- 
vium  of  De  Candolle.  If  the  external  veins  and  marginal 
veinlets  are  conspicuous,  Link  calls  this  form  comhinati  veno- 
sum  ;  but  if  they  are  indistinct,  he  calls  it  evanescenti  venosum. 

6.  Ribbed  {costatum).  In  this  three  or  more  midribs  proceed 
from  the  base  to  the  apex  of  the  leaf,  and  are  connected  by 
branching  primary  veins  of  the  form  and  magnitude  of  proper 
veinlets,  as  in  Melastoma.  This  must  not  be  confounded 
with  the  straight-veined  leaf,  from  which  it  may  in  all  cases 
of  doubt  be  distinguished  by  the  ramified  veins  that  connect 
the  ribs.  This  is  a  very  material  difference,  which  has  never 
been  properly  explained.  Linnaeus  and  his  followers  con- 
found the  two  forms;  but  modern  writers  separate  them: 
although  it  must  be  confessed  that  it  is  difficult  to  discover 
their  distinctions  from  the  characters  hitherto  assigned  to 
them.  Link  calls  these  leaves  f.  nervata,  A.  Richard  f.  ba~ 
sinervia,  and  De  Candolle y^  trij^linervia  andyi  quintuplinervia. 
If  a  ribbed  leaf  has  three  ribs  springing  from  the  base,  it  is 
said  to  be  three-ribbed  {tri-costatum,  trinerve  of  authors)  ;  if 
five.  Jive-ribbed,  and  so  on.  But  if  the  ribs  do  not  proceed 
exactly  from  the  base,  but  from  a  little  above  it,  the  leaf  is 
then  said  to  be  triply-ribbed  [triplicostatum),  as  in  the  He- 
lianthus. 

7.  Falsely  ribbed  [pseudocostatum),  is  when  the  curved  and 
external  veins,  both  or  either,  in  a  reticulated  leaf,  become 
confluent  into  a  line  parallel  with  the  mai'gin,  as  in  all  Myr- 
tacece.     This  has  not  been  before  distinguished. 

8.  Radiating  [radiatum),  when  several  ribs  radiate  from 
the  base  of  a  reticulated  leaf  to  its  circumference,  as  in  lobed 
leaves.  This  and  the  following  form  the  J",  directe  venosum 
of  Link  :  it  is  the  Jl  digitinervium  of  A.  Richard.  Hither  I 
refer,  without  distinguishing  them,  the  f.  pedalinervia,  palmi- 
nervia,  and  peltiyiervia  of  De  Candolle  ;  the  differences  of  which 
do  not  arise  out  of  any  peculiarity  in  the  venation,  but  from 
the  particular  form  of  the  leaves  themselves. 

9.  Feather-veined  [pennivenium),  when  the  venag  primariae 
of  a  reticulated  leaf  pass  in  a  right  line  from  the  midrib  to  the 
mai'gin,  as  in  Castanea.     This  has  the  same  relation  to  the 
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radiating  leaf  that  the   curve-veined  bears   to   tlie  straight- 
veined;  it  is  i\\e  folium  jjemiinervium  of  De  Candolle. 

10.  Hidden-veined  {introvenium) .  To  this  I  i"efer  all  leaves 
the  veins  of  which  are  hidden  from  view  by  the  parenchyma 
being  in  excess,  as  in  Hoya,  and  many  other  plants.  Such  a 
leaf  is  often  inaccurately  called  veinless.  De  Candolle  calls 
a  leaf  of  this  nature,  in  which  the  veins  are  dispersed  through 
a  large  mass  of  parenchyma,  as  in  Mesembryanthemum, 
vaginervium. 

It  may  be  necessary  to  explain  the  direction  that  the 
primary  veins  take  when  the}'  diverge  from  the  midrib  :  this 
can  be  denoted  by  measuring  the  angle  which  is  formed  by  the 
midrib  and  the  diverging  vein,  and  can  either  be  stated  in 
distinct  words,  or  by  applying  the  follow^ing  terms  thus :  —  if 
the  angle  formed  by  the  divergence  is  between  10°  and  20  , 
the  vein  may  be  said  to  be  nearly  parallel  {suhparallela)  ;  if 
between  20°  and  40°,  diveryiny  ;  between  40°  and  60°,  spread- 
ing ;  between  60°  and  80°,  divaricatiny ;  between  80°  and  90°, 
riyht-anyled ;  between  90°  and  120°,  oblique;  beyond  120°, 
rejlexed  {^retrqflexa). 

With  regard  to  the  forms  of  leaves,  this  subject  properly 
enters  into  Glossology ;  because  the  terms  applied  by  Botanists 
to  differences  in  the  outline  of  those  organs  are,  in  fact,  ap- 
plicable to  any  varieties  in  the  figure  of  any  other  flat  body. 
Nevertheless,  as  it  may  be  a  matter  of  convenience  to  the 
student  to  know  upon  what  principles  the  most  remarkable 
forms  of  leaves,  or  of  other  divided  parts,  are  thought  to  be 
connected  with  each  other,  I  here  translate  the  observations 
upon  the  subject  made  by  Alphonse  de  Candolle,  whose  recent 
Introduction  to  Botany  may  be  supposed  to  embody  the  latest 
opinions  of  his  father. 

"  Leaves  put  on  a  multitude  of  forms,  depending  upon  the 
manner  in  which  they  are  severally  organized,  especially  with 
regard  to  their  division  and  the  direction  of  their  veins. 
These  veins  being  in  general  symmetrical  on  the  two  sides  of 
the  midrib,  leaves  themselves  are  almost  alwa3's  of  some 
regular  figure,  as,  for  instance,  oval,  rounded,  elliptical,  &c. 
Their  regularity,  however,  is  never  mathematical ;  and  there 
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are  certain  leaves,  like  those  of  the  Begonia,  the  two  sides  of 
which  are  most  remarkably  imequal. 

"  Leaves  are  either  entii-e,  that  is,  without  toothings  of  any 
kind;  or  toothed  in  various  ways  upon  their  edges;  or  divided 
more  or  less  deeply  into  lobes,  which  leave  void  spaces  between 
them,  which  we  call  recesses  {sinus). 

"  Differences  of  this  kind  only  become  intelligible  when  one 
starts  from  the  idea  that  a  leaf  is  a  mere  expansion  of  tissue, 
in  which  the  parenchyma  is  more  or  less  extended  according 
to  the  divergence  of  the  vessels  that  compose  the  veins,  and  the 
degree  of  vegetating  vigom*  of  every  species  upon  all  points  of 
its  surface.  In  this  expansion,  which  constitutes  vegetation, 
it  may  be  understood  that  a  cellular  tissue,  mingled  with  firm 
parts  like  veins,  ought  to  assume,  especially  at  the  edges,  very 
different  appearances.  Each  vein  is  to  be  considered  as  sur- 
rounded with  parenchyma  as  well  as  the  ligneous  fibres  of 
the  stem.  When  this  parenchyma  stretches  a  great  deal  be- 
tween the  principal  veins,  and  unites  them  completely  up  to 
their  extremities,  the  leaf  is  entire ;  but  when  the  separation 
of  the  prinipal  veins  is  greater,  and  the  cellular  tissue  is  com- 
paratively less  extended,  the  union  of  parenchyma  takes  place 
in  only  an  imperfect  manner,  and  thus  lobes  and  openings  are 
produced  in  the  middle  of  the  leaf,  or  various  kinds  of 
toothings  in  its  circumference. 

"  In  support  of  this  tlieory,  which  has  originated  with  M. 
De  Candolle,  it  must  be  remarked  that  the  bladders  of  cel- 
lular tissue  have  a  great  tendency  to  grow  together  when  they 
come  in  contact  in  a  young  state.  The  fluids  which  tissue 
secretes  are  more  or  less  viscid ;  the  growth  of  the  bladders  in 
diameter  causes  them  to  press  against  each  other ;  they  are 
extremely  homogeneous  in  different  parts  of  the  same  organ  ; 
all  these  may  be  supposed  to  concur  in  producing  the  pheno- 
menon of  which  the  f/raftinq  of  one  plant  upon  another  is  the 
most  striking  example.  The  structure  of  flowers  depends 
upon  the  existence  of  this  tendency,  as  will  be  shewn  hereafter. 
With  regard  to  leaves,  Dracontium  pertusum  affords  a  verifi- 
cation of  this  theory  in  the  irregular  holes  pierced  through 
the  middle  of  its  blade  between  the  veins.  The  more  weak 
the  developement  of  this  leaf  has  been,  the  larger  are  the 
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Jjoles,  whicli,  in  some  instances,  even  extend  to  the  margin, 
wlien  the  leaf  becomes  lobed.  In  this  case  it  is  difficult  to 
deny  that  the  parenchyma  developes  and  combines  more  to- 
wards the  edge  of  the  leaf  than  in  the  centre ;  while,  on  the 
other  hand,  by  a  different  direction  and  another  mode  of  de- 
velopement  of  the  parenchyma,  the  contrary  takes  place  in 
the  greater  part  of  leaves.  The  fact,  that  divisions  are  the 
deepest  in  those  individuals  of  the  same  species  whose  vegeta- 
tion has  been  least  favoured  by  humidity  and  the  nature  of  the 
soil,  is  a  confirmation  of  this  theory. 

"  Palm  trees  seemed  to  offer  an  exception  to  this  mode  of 
accounting  for  the  formation  of  lobes;  but  the  recent  ob- 
servations of  Mohl  have  demonstrated  that  those  plants  also 
are  conformable  to  the  theoiy.  The  leaves  of  Palm  trees 
begin  by  being  apparently  simple,  they  then  gradually  divide 
from  the  extremity  to  the  base  of  the  blade,  and  there  are  on 
the  edges  of  the  divisions  some  ragged  remnants  which  look  as  if 
they  indicated  an  actual  rending  asunder.  But  Mohl,  by 
observing  these  leaves  microscopically,  when  first  developing, 
ascertained  that  these  divisions  never  are  intimately  united 
at  their  edges,  and  that  they  are  merely  held  together  by  a 
net  of  down.  This  may  possibly  depend  upon  the  dry  and 
leathery  texture  of  their  leaves,  which  causes  the  bladders  to 
be  converted  into  hairs  instead  of  uniting  in  consequence  of 
their  gi-eat  approximation.  If  the  adhesion  is  incomplete,  it 
is  no  wonder  that  the  leaves  should  separate  in  proportion  as 
the  veins  diverge  by  the  enlargement  of  the  leaf.  Palm 
leaves,  then,  are  not,  as  has  been  supposed,  simple  leaves  which 
divide  into  lobes  contrary  to  what  happens  in  other  plants ; 
they  are  divisions  bordered  by  a  parenchyma  which  has  never 
been  united  to  that  of  the  division  next  it,  and  which,  in 
consequence,  does  not  tear,  but  only  separates. 

"  The  unequal  degrees  of  union  of  the  parenchyma  that  sur- 
rounds the  veins,  combined  with  the  arrangement  of  the  latter, 
form  the  principles  on  which  the  nomenclature  of  divided 
leaves  has  been  contrived. 

"  When  the  parenchyma  between  the  primary  veins  is  not 
united,  so  that  the  blade  is  composed  of  several  distinct  parts 
combined  by  the  midrib  only,  the  distinct  portions  oi'  lobes 
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are  called  segments.  They  differ  from  the  leaflets  of  more 
compound  leaves  merely  by  the  circumstance  of  not  being 
jointed  with  their  support  and  deciduous.  A  leaf  having 
such  segments  is  called  dissected. 

"  If  the  lobes  are  united  near  the  base  around  the  origin  of 
these  veins,  we  name  them  partitions^  and  the  leaf  is  said  to 
be  parted. 

"  Supposing  the  lobes  to  be  united  as  far  as  the  middle, 
they  become  divisions,  their  recesses  are  Jissiires,  and  the  ad- 
jectives formed  from  these  are  made  to  end  \njid,  as  multijid, 
quinquejid,  &c. ;  tliis  should  not  be  applied  to  any  cases  in  which 
the  divisions  extend  below  the  middle  of  the  veins;  it  is, 
however,  frequently  applied  to  cases  of  a  division  as  deep  as 
the  midrib. 

"  Finally,  if  the  adhesion  of  the  lobes  is  complete,  and  if 
the  parenchyma  which  separates  the  extremity  only  of  the 
veins  is  not  extended  to  the  extremity  of  the  principal  veins, 
or  beyond  them ;  the  leaf  is  merely  toothed  {dentate) ;  the 
salient  parts  are  toothings.  When  the  toothings,  or  teeth,  are 
rounded,  they  become  crenels,  and  the  leaf  is  crenelled  (or 
crenate).  This  form  of  leaf  is  not  very  important,  because  it 
is  not  connected  with  the  arrangement  of  the  primary  veins, 
while  that  of  the  lobes,  already  mentioned,  always  is. 

"  The  terms  that  express  precisely  the  important  subdivi- 
sions of  the  leaf  are  combined  with  those  which  indicate 
venation.  Thus  a  feather-veined  leaf  { penniveriium)  may  be 
either  pennatisected,  or  pennatiparted,  or  pennatijid,  according 
as  it  has  segments,  partitions,  or  fissures.  In  like  manner  a 
palm-veined  leaf  (this  is  what  I  call  radiating,  p.  110.)  may  be 
pahnatisected,  pahnatiparted,  or  palmatijid  ;  and  so  on. 

"  In  like  manner  we  say  that  a  leaf  is  trisected,  trijid,  or 
triparted,  when  we  would  draw  attention  to  the  number  and 
depth  of  the  lobes  of  a  leaf,  rather  than  to  the  relation  they 
bear  to  the  veins.  And,  on  the  other  hand,  we  may,  by  neg- 
lecting the  number  of  the  lobes,  simply  indicate  their  presence 
by  saying  that  a  leaf  is  pennatilohed,  palmxitilobed,  and  so  on. 

"  The  lobes  themselves  are  sometimes  subdivided  upon  the 
same  principle  as  the  leaf  itself.  We  then  say  that  a  leaf  is 
hipennatisected,  hipennatiparted,  &c. ;  if  the  subdivisions  of  the 
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lobes  are  tliemselves  lobed,  we  may  say  tripejinatisected,  tri- 
pennatiparted,  &c.  Penally,  in  cases  where  leaves  are  extremely 
divided,  and  the  parenchyma  of  the  ultimate  ramifications  of 
the  veins  does  not  unite  and  form  lobes,  we  say,  in  general 
terms,  that  the  leaf  is  midtifid^  laciniated,  decomposed,  or  slashed  ; 
terms  which  express  the  appearance  of  a  leaf,  without  any 
very  precise  signification." 

With  regard  to  compound  leaves,  their  leaflets  always 
have  the  primary  veins  running  at  an  angle  more  or  less 
acute  towards  the  margin.  "  This  is  perfectly  intelligible  if 
we  reflect  that  their  lateral  veins  represent  not  the  primary, 
but  the  secondary  and  tertiary  veins  of  simple  leaves,  which 
latter  are  always  pennated. 

"  The  leaflets  of  pennated  leaves  are  usually  placed  opposite 
each  other  in  pairs  along  a  common  petiole.  These  pairs  of 
leaves  are  called  in  Latin  ju(/a :  thus  a  leaf  with  one  pair  is 
unyugum;  with  two  pairs,  hijugum,  &c. 

"  Usually  one  of  the  leaflets  terminates  the  petiole ;  the 
leaf  is  then  unequally  pinnated  {imparipinnatum) ;  but  sometimes 
there  is  no  odd  leaflet,  and  the  petiole  ends  abruptly,  or  in  a 
point  or  tendril ;   (this  is  equally  pinnated,  pari-pinnatum), 

"  Sometimes  the  leaflets  themselves  are  subdivided  into 
other  leaflets  {folium  bipinnatum,  trijyinnatum).  In  this  case, 
the  lateral  petioles  which  bear  the  leaflets  are  called  partial ; 
and  the  small  supports  of  the  leaflets  themselves,  stalklets 
{pefiolules)." 

Such  are  De  Candolle's  ideas  of  the  typical  formation  of 
leaves.  They  offer  a  convenient  mode  of  studying  the  modi- 
fications in  structure  of  these  organs,  and  are,  to  all  ap- 
pearance, founded  upon  a  55 
correct  idea  of  the  subject. 

The  PETIOLE,  or  leafstalk 
{fg.  56.  a  —  b),  is  the  part 
which  connects  the  blade 
with  the  stem,  of  which  it 
was  considered  by  Linnaeus 
as  a  part.  It  consists  of  one 
or  more  bundles  of  fibro- 
vascular    tissue    surrounded 
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by  cellular  substance.  Its  figure  is  generally  half  cylindrical, 
frequently  channelled  on  the  surface  presented  to  the  hea- 
vens ;  but  in  some  monocotyledonous  plants  it  is  perfectly 
cylindrical,  and  in  others  it  is  a  thin  leafy  expansion,  sur- 
rounding the  stem  [fig.  55.  a).  If  the  petiole  is  entirely 
absent,  which  is  often  the  case,  the  leaf  is  then  said  to  be 
sessile.  Generally  the  petiole  is  simple,  and  continuous  with 
the  axis  of  the  leaf;  sometimes  it  is  divided  into  several  parts, 
each  bearing  a  separate  leaf  or  leaflet  {foliolum) :  in  such  cases 
it  is  by  some  said  to  be  compound ;  each  of  the  stalks  of  the 
leaflets  being  called  petiolules  or  stalklets  (ramastra,  Jungius). 
In  all  simple  leaves  the  petiole  is  continuous  with  the  axis  of  the 
lamina,  from  which  it  never  separates ;  in  all  truly  compound 
leaves  the  petiole  is  articulated  with  each  stalklet;  so  that,  when 
the  leaf  perishes,  it  separates  into  as  many  portions  as  there 
are  leaflets,  as  in  the  Sensitive  Plant :  hence,  whenever  an 
apparently  simple  leaf  is  found  to  be  articulated  with  its 
petiole,  as  in  the  Orange,  such  a  leaf  is  not  to  be  considered  a 
simple  leaf,  but  the  terminal  leaflet  of  a  pinnated  leaf,  of 
wliich  the  lateral  leaflets  are  not  developed.  This  is  a  most 
important  difference,  and  must  be  borne  constantly  in  mind 
by  all  persons  who  are  engaged  in  the  investigation  of  natural 
affinities.     It  is  a  secret  sign  which  must  never  be  neglected. 

At  the  base  of  the  petiole,  where  it  joins  the  stem,  and 
upon  its  lower  surface,  the  cellular  tissue  increases  in  quan- 
tity, and  produces  a  protuberance  or  gibbosity,  which  Ruellius, 
and  after  him  Link,  called  the  pulvinus,  and  De  Candolle 
coussinet  {fig.  56.  a).  At  the  opposite  extremity  of  the  petiole, 
where  it  is  connected  with  the  lamina,  a  similar  swelling  is  often 
remarkable,  as  in  Sterculia,  Mimosa  seiisitiva,  and  others  :  this 
is  called  the  struma,  or,  by  the  French,  hourrelet  {Jig.  56.  b). 

Occasionally  the  petiole  embraces  the  branch  from  which 
it  springs,  and  in  such  case  is  said  to  be  sheathing  ;  and  is  even 
called  a  sheath,  or  vagina,  as  in  grasses  [Jig.  55.  a).  Wlien  the 
lower  part  only  of  the  petiole  is  sheathing,  as  in  Umbelliferse^ 
that  part  is  sometimes  called  the  pericladium.  In  grasses  there 
is  a  peculiar  membranous  process  at  the  top  of  the  sheath, 
between  it  and  the  blade,  which  has  received  the  name  of 
ligula  {Jig.  55.  h)    {lauguctte,  Fi'.;  collare.  Rich.)  :  for  the  na- 
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ture  of  this  process  see  page  122.  In  the  Asparagus, 
the  petiole  has  the  form  of  a  small  sheath,  is  destitute  of 
blade,  and  surrounds  the  base  of  certain  small  branches 
having  the  appearance  of  leaves ;  such  a  petiole  has  been 
named  hypophyllium  by  Link.  In  Trapa  natans,  Pontedera 
crassipes,  and  other  plants,  the  petiole  is  excessively  dilated 
by  air,  and  acts  as  a  bladder  to  float  the  leaves  :  except  in 
this  state  of  dilatation,  it  differs  in  no  wise  from  common 
petioles :  it  has,  nevertheless,  received  the  name  of  vesicula 
from  De  Candolle,  who  considers  it  the  same  as  the  bladdery 
expansions  of  Fuci.  The  petiole  is  generally  straight :  occa- 
sionally it  becomes  rigid  and  twisted,  so  that  the  plant  can 
climb  by  it.  In  Combretum  it  hardens,  curves  backward, 
loses  its  blade,  and  by  degrees  becomes  an  exceedingly  hard, 
durable  hook,  by  means  of  which  that  plant  is  able  to  raise 
itself  upon  the  branches  of  the  trees  in  its  vicinity. 

It  has  been  said  that  the  figure  of  the  petiole  usually  ap- 
proaches more  or  less  closely  to  the  cylindi'ical :  this,  however, 
is  not  always  the  case.  In  many  plants,  especially  of  an  herba- 
ceous habit,  it  is  very  thin,  with  foliaceous  margins ;  it  is  then 
called  wingecL  There  are,  moreover,  certain  leafless  plants, 
as  the  greater  number  of  species  of  Acacia,  in  which  the 
petiole  becomes  so  much  developed  as  to  assume  the  appear- 
ance of  a  leaf,  all  the  functions  of  which  it  performs.  Petioles 
of  this  nature  have  received  the  name  of  Phyllodia  {fig.  57.). 
They  may  always  be  distinguished  from  true  leaves  by  the  fol- 
lowing characters:  —  1.  If  observed  when  the  plant  is  very 
young,  they  will  be  found  to  bear  leaflets.  2.  Both  their  sur- 
faces are  alike.  3.  They  very  generally  present  their  margins 
to  the  earth  and  heavens,  —  not  their  surfaces.  4.  They  are 
always  straight-veined ;  and,  as  they  only  occur  among  dico- 
tyledonous plants  which  have  reticulated  leaves,  this  peculiai'ity 
alone  will  characterise  them. 

But,  besides  the  curious  transformation  undergone  by  the 
petiole  when  it  becomes  a  phyllodium,  there  are  several  others 
still  more  remarkable ;  among  these  the  first  to  be  noticed  is 
the  cirrhus  or  tendril  ( Vrille,  Fr. ;  Capreolus  and  Clavicida  of 
the  old  botanists).  It  is  one  of  the  contrivances  employed  by 
nature  to  enable  plants  to  support  themselves  upon  others  that 
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are  stronger  than  themselves.  It  was  inckided  by  Linnaeus 
among  what  he  caWed  fulcra  ;  and  has  generally,  even  by  very 
recent  writers,  been  spoken  of  as  a  peculiar  organ.  But,  as  it 
is  manifestly  in  most  cases  a  particular  form  of  the  petiole,  I 
see  no  reason  for  regarding  it  in  any  other  light.  It  may, 
indeed,  be  a  modification  of  the  inflorescence,  as  in  the  Vine; 
but  this  is  an  exception,  showing,  not  that  the  cirrhus  is  not 
a  modification  of  the  petiole,  but  that  any  part  may  become 
cirrhose. 

In  some  cases  the  petiole  of  a  compound  leaf  is  lengthened, 
branched,  and  endowed  with  the  power  of  twisting  round  any 
small  body  that  is  near  it,  as  in  the  Pea  :  it  then  becomes  what 
is  called  a  cirrhus  petiolaris.  At  other  times,  it  branches  oft  on 
each  side  at  its  base  below  the  lamina  into  a  twisting  ramifi- 
cation, as  in  Smilax  horrida ;  when  it  is  called  a  cirrhus  pe- 
duncularis.  At  other  times  it  passes,  in  the  form  of  midrib, 
beyond  the  apex  of  a  single  leaf,  twisting  and  carrying  witl 
it  a  portion  of  the  parenchyma,  as  in  Gloriosa  superba ;  when 
it  is  said  to  be  a  cirrhus  foliaris.  De  Candolle  also  refers  to 
tendrils  the  acuminate,  or  rather  caudate,  divisions  of  the 
corolla  of  Strophanthus,  under  the  name  of  cirrhus  corollaris. 

As  another  modification  of  the  petiole,  I  am  disposed  to 
consider  with  Link  (Elem.  202.)  the  singular  form  of  leaf  in 
Sarracenia  and  Nepenthes  {Jig.  58.),  which  has  been  called 
a  pitcher  [Ascidium,  Vascidum  outre  De  Candolle).  This  con- 
sists of  a  fistular  green  body,  occvipying  the  place  and  per- 
forming the  functions  of  a  leaf,  and  closed  at  its  extremity  by 
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a  lid  termed  the  operculum.  To  me  it  appears  that  the  pitclier 
itself,  or  fistular  part,  is  the  petiole,  and  the  operculum  the 
blade  of  a  leaf  in  an  extraordinary  state  of  transformation. 
Look,  for  example,  at  Dioneea  muscipula ;  in  this  plant  the 
leaf  consists  of  a  broad- winged  petiole,  articulated  with  a  col- 
lapsing blade,  the  margins  of  which  are  pectinate  and 
inflexed.  Only  suppose  the  broad-winged  petiole  to  collapse 
also,  and  that  its  margins,  when  they  meet,  as  they  would  in 
consequence  of  a  collapsion,  cohere ;  a  fistular  body  would 
then  be  formed,  just  like  the  pitcher  of  Sarracenia  {Ju/.  58.  B), 
and  there  would  be  no  difficulty  in  identifying  the  acknow- 
ledged blade  of  Dionaea  with  the  operculum  of  Sarracenia 
also.  From  Sarracenia  the  transition  to  Nepenthes  {Jig.  58.  A) 
would  perhaps  not  be  considered  improbable. 
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The  student  must  not,  however,  suppose  that  all  pitchers 
are  petioles,  because  those  of  Nepenthes  and  Sarracenia  are 
so.  Those  of  the  curious  Dischidia  Rafflesiana  {Ji<j.  59.), 
figured  by  Wallich  in  his  PlantcB  Asiaticce  Rariores,  are 
leaves,  the  margins  of  which  are  united.  The  pitchers  of 
Marcgraavia  and  Norantea  {Jig.  60.)  are  bracts  in  the  same 
state. 

SpiJies  oj  the  leaves  are  formed  either  by  a  lengthen- 
ing of  the  woody   tissue  of  the  veins,  or  by  a  contraction 
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of  the  parenchyma  of  the  leaves:  in  the 
former  case  they  project  beyond  the  sur- 
face or  margin  of  the  leaf,  as  in  the  Holly 
(Ilex  aquifolium)  in  the  latter  case  they 
are  the  veins  themselves  become  har- 
dened, as  in  the  palmated  spines  of  the 
Barberry.  The  spiny  petiole  of  many 
Leguminous  plants  is  of  the  same  nature 
as  the  latter.  So  strong  is  the  tendency 
in  some  plants  to  assume  a  spiny  state, 
that  in  a  species  of  Prosopis  from  Chili, 
of  which  I  have  a  living  specimen  now 
before  me,  half  the  leaflets  of  its  bipinnate 
leaves  have  the  upper  half  converted  into 
spines. 


•2.     Of  Stipules. 


At  the  base  of  the  petiole,  on  each  side,  is  frequently  seated 
a  small  appendage,  most  commonly  of  a  texture  less  firm  than 
the  petiole,  and  having  a  tapering  termination.  These  two 
appendages  are  called  stipules.  They  either  adhere  to  the 
base  of  the  petiole  or  are  separate  ;  —  they  either  endure  as 
long  as  the  leaf,  or  fall  off'  before  it ;  —  they  are  membranous, 
leathery,  or  spiny ;  —  finally,  they  are  entire  or  laciniated. 
By  Link  they  have  been  called  Parapliyllia  ;  an  unnecessary 
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term.  When  tliey  are  membranous,  and  surromid  the  stem 
like  a  sheath,  cohering  by  their  anterior  margins,  as  in  Poly- 
gonum (^^.61.),  tliey  have  been  termed  ocArm  by  Willdenow. 
Of  this  the  fibrous  sheath  at  the  base  of  the  leaves  of  Palms, 
called  reticulum  by  some,  may  possibly  be  a  modification.  In 
pinnated  leaves  there  are  often  two  stipules  at  the  base  of  each 
leaflet  as  well  as  at  the  base  of  the  common  petiole :  stipules, 
under  such  circumstances,  are  called  stipels. 

The  exact  analogy  of  stipules  is  not  well  made  out.  De 
Candolle  seems,  from  some  expressions  in  his  Organographies 
to  suspect  their  analogy  wth  leaves ;  while,  in  other  places 
in  the  same  work,  it  may  be  collected  that  he  rather  con- 
siders them  special  organs.  I  am  clearly  of  opinion  that, 
notwithstanding  the  difference  in  their  appearance,  they  are 
really  accessory  leaves:  first,  because  occasionally  they  are 
transformed  into  leaves,  as  in  Rosa  bracteata,  in  which  I  have 
seen  them  converted  into  pinnated  leaves ;  secondly,  because 
they  are  often  luidistinguishable  from  leaves,  of  which  they 
obviously  perform  all  the  functions,  as  in  Lathyrus,  Lotus, 
and  many  other  Leguminosae:  and,  finally,  because  there  are 
cases  in  winch  buds  develope  in  their  axils,  as  in  Salix,  a 
property  peculiar  to  leaves  and  their  modifications.  De 
Candolle,  in  suggesting,  after  Seringe,  that  the  tendrils  of 
Cucurbitaceae  are  modified  stipules,  assigns  the  latter  a  ten- 
dency to  a  transformation  exclusively  confined  either  to  the 
midrib  of  a  leaf,  or  to  a  branch ;  and  they  cannot  be  the 
latter. 

It  is  sometimes  difficult  to  distinguish  from  true  stipules 
certain  membranous  expansions,  or  cilise,  or  glandular  append- 
ages of  the  margin  of  the  base  of  the  petiole,  such  as  are 
found  in  Ranunculaceae,  Apocynea?,  Umbelliferae,  and  many 
other  plants.  In  these  cases  the  real  nature  of  the  parts  is 
only  to  be  collected  from  analogy,  and  a  comparison  of 
them  with  the  same  part  differently  modified  in  neighbouring 
species. 

De  Candolle  remarks,  that  no  Monocotyledonous  plants 
have  stipules;  but  they  certainly  exist,  at  least  in  Fluviales 
and  Aroidea?.  It  is  also  said  that  they  do  not  occur  in  the 
embryo ;  but  tlien  there  are  some  exceptions  to  this  opinion, 
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as  well  as  to  Miquel's  remark,  that  they  never  occur  upon 
radical  leaves  (Strawberry). 

Turpin  considers  them  of  two  kinds. 

1.  Distinct,  but  rudimentary,  leaves,  when  they  originate 
from  the  stem  itself,  as  in  Cinchonaceae,  &c. 

2.  Leaflets  of  a  pinnated  leaf,  when  they  adhere  to  the  leaf- 
stalk, as  in  Roses,  &c. 

The  li(/ula  of  grasses,  a  membranous  appendage  at  the  apex 
of  their  sheathing  petiole,  which  some  have  considered  stipules, 
should  rather  be  understood  as  a  membranous  expansion 
analogous  to  the  corona  of  some  Caryophylleae,  such  as 
Silene. 

It  has  been  already  noted,  that  when  they  surround  the 
stem  of  a  plant  they  become  an  ochrea ;  in  this  case  their 
anterior  and  posterior  margins  are  united  by  cohesion ;  a 
property  that  they  possess  in  common  with  all  modifications 
of  leaves,  and  of  which  different  instances  may  be  pointed  out 
in  MagnoliaceEe,  where  the  back  margins  only  cohere,  in  cer- 
tain Cinchonaceae,  in  which  the  anterior  margins  of  the  stipules 
of  opposite  leaves  are  united,  and  in  a  multitude  of  other 
plants. 
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All  the  parts  that  have  hitherto  been  subjects  of  enquiry 
are  called  organs  of  vegetation  ;  their  duty  being  exclusively 
to  perform  the  nutritive  parts  of  the  vegetable  economy. 
Those  wliich  are  about  to  be  mentioned  are  called  organs  of 
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fructification ;  their  office  being  to  reproduce  the  species  by  a 
process  in  some  respects  analogous  to  that  which  takes  place 
in  the  animal  kingdom.  The  latter  are,  however,  all  modifi- 
cations of  the  former,  as  will  hereafter  be  seen,  and  as  the 
subject  of  this  division  is  in  itself  a  kind  of  proof;  bracts  not 
being  exactly  either  organs  of  vegetation  or  reproduction,  but 
between  the  two. 

Botanists  call  Bracts  either  the  leaf  from  the  axil  of 
which  a  flower  is  developed,  such  as  we  find  in  Veronica 
agrestis  ;  or  else  all  those  leaves  that  are  found  upon  the  inflo- 
rescence, and  are  situated  between  the  true  leaves  and  the 
calyx.  There  are,  in  reality,  no  exact  limits  between  bracts 
and  common  leaves  ;  but  in  general  the  former  may  be  known 
by  their  situation  immediately  below  the  calyx,  by  their 
smaller  size,  difference  of  outline,  colour,  and  other  marks. 
They  are  generally  entire,  however  much  the  leaves  may  be 
divided ;  frequently  scariose,  either  wholly  or  in  part ;  often 
deciduous  before  the  flowers  expand ;  but  rarely  very  much 
dilated,  as  in  Origanum  Dictamnus,  and  a  few  other  plants. 
It  is  often  more  difficult  to  distinguish  bracts  from  the  sepals 
of  a  polyphyllous  calyx  than  even  from  the  leaves  of  the  stem. 
In  fact,  there  is  in  many  cases  no  other  mode  than  ascertain- 
ing the  usual  number  of  sepals  in  other  plants  of  the  same 
natural  order,  and  considering  every  leaf-like  appendage  on 
the  outside  of  the  usual  number  of  sepals  as  a  bract.  In 
Camellia,  for  example,  if  it  were  not  known  that  the  normal 
number  of  sepals  of  kindred  genera  is  five,  it  would  be  im- 
possible to  determine  the  number  of  its  sepals.  When  the 
bracts  are  very  small,  they  are  called  hractlets ;  or,  if  they 
are  of  different  sizes  upon  the  same  inflorescence,  the  smallest 
receive  that  name.  It  rarely  occurs  that  an  infloi'escence  is 
destitute  of  bracts.  In  Crucifera?  this  is  a  general  character, 
and  is  observed  by  Link  to  indicate  an  extremely  irregular 
structure.  When  bracts  do  not  immediately  support  a  flo^ver 
or  its  stalk,  they  are  called  empty  (vacua).  As  a  general 
rule,  it  is  to  be  understood,  that  whatever  intervenes  between 
the  true  leaves  and  the  calyx,  whatever  be  their  form,  colour, 
size,  or  other  peculiarity,  comes  within  the  meaning  of  the 
term. 
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Under  particular  circumstances  bracts  have  received  the 
following  ])eculiar  names  :  — 

When  they  are  empty,  and  terminate  the  inflorescence,  they 
form  a  coma^  as  in  Salvia  Horminum.  In  this  case  they  are 
generally  enlarged  and  coloured. 

If  they  are  verticillate,  and  surround  several  flowers,  they 
constitute  an  involucre.  In  Umbelliferous  plants,  tlie  bracts 
which  surround  the  general  umbel  are  called  an  universal 
involucre ;  and  those  which  suri'ound  the  umbellules  a  partial 
involucre,  or  involucellum.  In  Compositae,  the  involucre 
often  consists  of  several  rows  of  imbricated  bracts,  and  has 
received  a  variety  of  names,  for  none  of  which  does  there 
appear  to  be  the  least  occasion.  Linnaeus  called  it  calyx 
communis,  Necker  ■perigynandra  communis,  Richard  jjeriplior- 
anthium,  Cassini  periclinium.  There  is  often  found  at  the 
base  of  the  involucre  of  Compositae  an  exterior  rank  of 
bracts,  which  Linneeus  called  calyculus  ;  and  such  involucres 
as  were  so  circumstanced  calyx  calyculatus.  Cassini  restricts 
the  term  involucre  to  this ;  but  it  seems  most  convenient  to 
call  these  exterior  bracts  hractlets,  and  to  say  that  an  involu- 
cre in  which  they  are  present  is  hasi  bractcolatus,  bracteolate 
at  the  base. 

Another  and  very  remarkable  form  of  the  involucre  is  the 
cupula  {Ji(j.  67.).  It  consists  of  bracts  not  developed  till  after 
flowering,  when  they  cohere  by  their  bases,  and  form  a  kind 
of  cup.  In  the  Oak  the  cupula  is  woody,  entire,  and  scaly, 
with  indurated  bracts :  in  the  Beech  it  forms  a  sort  of 
coriaceous  valvular  spurious  pericarp :  in  the  Hazel  Nut 
ijlg.  G5.)  it  is  foliaceous  and  lacerated:  in  the  Yew  it  is  fleshy 
and  entire,  with  no  appearance  of  bract. 

The  name  squama  or  scale  is  usually  applied  to  the  bracts 
of  the  catkin  ;  it  is  also  occasionally  used  to  indicate  any 
kind  of  bract  which  has  a  scaly  appearance. 

The  bracts  which  are  stationed  upon  the  receptacle  of 
Compositae,  between  the  florets,  have  generally  a  membranous 
texture  and  no  colour,  and  are  called  palea,  Englished  by 
some  botanists  chaff  of  the  receptacle.  The  French  call  this 
sort  of  bract  paillette,  Cassini  squamelles  {Jiy.  G4.). 

In  Palms  and  Aroidea?  there  are  seated,  at  the  base  of  the 
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spadix,  large  coloured  bracts,  in  which  the  spadix,  dming 
aestivation,  is  wholly  enwrapped,  and  which  may  perhaps  per- 
form in  those  plants  the  office  of  corolla.  This  is  called  the 
spathe  {Jig.  85.).'  Link  considers  it  a  modification  of  the 
petiole!     {Elemejita,  p.  253.) 


fiS 


The  most  remarkable  arrangement  of  bracts  takes  place 
in  Grasses,  in  which  they  occupy  the  place  of  calyx  and 
corolla,  and  have  received  a  great  variety  of  names  from 
different  systematic  wi-iters.  In  order  to  explain  distinctly 
the  application  of  these  terms,  I  must  describe  with  some 
minuteness  the  structure  of  a  lociista  or  spikelet,  as  the  partial 
inflorescence  of  Grasses  is  denominated.  Take,  for  example, 
any  common  Bromus;  each  spikelet  will  be  seen  to  have  at  its 
base  two  opposite  empty  bracts  {Jig.  68.  J),  one  of  which  is 
attached  to  the  rachis  a  little  above  the  base  of  the  other : 
these  are  the  glumes  of  Linnaeus  and  most  botanists,  the  gluma 
exterior  or  calgcinalis  of  some  writers,  the  tegmen  of  Palisot 
de  Beauvois,  the  lepicena  of  Richard,  the  ccetonium  of  Trinius, 
and,  finally,  xhe  jjeristachyrim  of  Panzer.  Above  the  glumes  are 
several  florets  sitting  in  denticulations  of  the  rachis  {Jig.  68.  c) : 
each  of  these  consists  of  one  bract,  with  the  midrib  quitting 
the  blade  a  little  below  the  apex,  and  elongated  into  a  bristle 
called  the  aion,  heard,  or  arista,  and  of  another  bract  facing 
the  first,  with  its  back  to  the  rachis,  bifid  at  the  apex,  with  no 
dorsal  vein,  but  with  its  edges  inflexed,  and  a  rib  on  each  side 
at  the  line  of  inflexion  (fig,  68.  a).  These  bracts  are  the 
eorolla  of  Linnaeus,   the  calgx  of  Jussieu,  the  perianthinm  of 
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Brown,  tiie  gluma  interior  or  corolUnn  and  peric/onium  of  some, 
the  strafjulum  of  Palisot  cle  Beauvois,  the  gluma  of  Richard, 
the  hale  or  Glumella  of  De  Candolle  and  Desvaux,  the  palem 
of  others.  When  the  arista  proceeds  from  the  very  apex  of 
the  bracts,  and  not  from  below  it,  it  is  denominated  in  the 
writings  of  Pahsot  a  seta.  Within  the  last-mentioned  bracts, 
and  opposite  to  them,  are  situated  two  extremely  minute 
colourless  fleshy  scales  {Jig.  68.  e),  which  are  sometimes 
connate  :  these  are  named  corolla  by  Micheli  and  Dumortier, 
nectarium  by  Linnaeus,  squamulcB  by  Jussieu  and  Browii, 
glumella  by  Richard,  glumellula  by  Desvaux  and  De  Candolle, 
lodicula  by  Palisot  de  Beauvois,  and  periphyllia  by  Link. 
Amidst  these  conflicting  terms  it  is  not  easy  to  determine 
which  to  adopt.  I  recommend  the  exterior  empty  bracts  to 
be  called  glumes ;  those  immediately  surrounding  the  fer- 
tilising organs  palece ;  and  the  minute  hypogynous  ones 
scales  or  squamulce. 

The  pieces  of  which  these  three  classes  of  bracts  are  com- 
posed are  called  valves  or  valvules  by  the  greater  part  of 
botanists;  but  as  that  term  has  been  thought  not  to  convey  an 
accurate  idea  of  their  nature,  Desvaux  has  proposed  to  sub- 
stitute that  of  spathella,  which  is  adopted  by  De  Candolle. 
Palisot  proposed  to  restrict  the  term  glume  to  the  pieces 
of  the  glume,  and  to  call  the  pieces  of  the  perianthium  palece. 
Richard  called  the  pieces  of  both  glume  and  perianthium 
palece,  and  the  scales  paleolcE.  It  seems  to  me  most  con- 
venient to  use  the  term  valvula;  because  it  is  more  familiar  to 
botanists  than  any  other,  and  because  I  do  not  see  the  force 
of  the  objection  which  is  taken  to  it. 

In  the  genus  Carex  two  bracts  {Jig.  68.  ?',  //)  become  con- 
fluent at  the  edges,  and  enclose  the  pistil,  leaving  a  passage 
for  the  stigmas  at  their  apex.  They  thus  form  a  single  urceo- 
late  body  named  urceolus  or  perigynium.  De  Candolle  justly 
observes,  in  his  Theorie,  that  some  botanists  call  this  nec- 
tarium, although  it  does  not  produce  honey ;  others  capsula, 
although  it  has  nothing  to  with  the  fruit;  but  he  does  not 
seem  to  me  more  correct  than  those  he  criticises  in  arranging 
the  urceolus  among  his  miscellaneous  appendages  of  the  floral 
organs,  which  are   "ni  organes  gcnitaux  ni  tegumens."     I 
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believe  I  was  ihe  first  who  explained  the  true  nature  of  the 
urceolus,  in  my  translation  of  Richard's  Analyse  du  Fruit, 
printed  in  1819.  (p.  13.) 

At  the  base  of  the  ovary  of  Cyperacese  are  often  found  little 
filiform  appendages,  called  hypogynous  setce  {Jig'  68.  d)  by 
most  botanists,  and  periyynmm  by  Nees  von  Esenbeck. 
These  are  probably  of  the  nature  of  the  squamulae  of  Grasses, 
and  have  been  named  jjerisporum  by  some  French  writers. 

Bracts  are  generally  distinct  from  each  other,  and  imbri- 
cated or  alternate.  Nevertherless,  there  are  some  striking 
exceptions  to  this ;  as  remarkable  instances  of  which  may  be 
cited  Althaea  and  Lavatera  among  Malvaceae,  all  Dipsaceae, 
and  some  Trifolia,  particularly  my  Tr.  cyathiferum  [Hooker 
Fl.  Boreali-Amer.),  in  all  which  the  bracts  are  accurately  ver- 
ticillate,  and  their  margins  confluent,  as  in  a  true  caljoc. 


4.  Of  the  Flower. 
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The  Flower  is  a  terminal  bud  inclosing  the  organs  of 
reproduction  by  seed.  By  the  ancients  the  term  flower  was 
restricted  to  what  is  now  called  the  corolla;  but  Linnaeus 
wisely  extended  its  application  to  the  union  of  all  the  organs 
which  contribute  to  the  process  of  fecundation.  The  flower, 
therefore,  as  now  understood,  comprehends  the  ccdyx,  the 
corolla,  the  stamens,  and  the  pistil,  of  which  the  two  last  only 
are  indispensable.  The  calyx  and  corolla  may  be  wanting, 
and  a  flower  will  nevertheless  exist ;  but,  if  neither  stamens 
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nor  pistil  nor  their  rudiments  are  to  be  found,  no  assemblage 
of  leaves,  whatever  may  be  their  form  or  colour,  or  how  much 
soever  they  may  resemble  the  calyx  and  corolla,  can  constitute 

a  flower. 

We  usually  consider  the  flower  to  consist  of  a  certain  num- 
ber of  whorls,  or  of  parts  originating  round  a  common  centre 
from  the  same  plane.  But  Adolphe  Brongniart  has  correctly 
pointed  out  the  fact  that  what  we  call  whorls  in  a  flower  are 
in  many  cases  not  so,  strictly  speaking,  but  only  a  series  of 
parts  in  close  approximation,  and  at  different  heights  upon 
the  short  branch  that  forms  the  axis.  This  is  particularly 
obvious  in  a  Cistus,  where,  of  the  five  sepals,  two  are  lower 
and  exterior,  and  three  higher  and  within  the  first.  The 
manner  also  in  which  the  petals  overlap  each  other  evidently 
points  to  a  similar  cause,  although  the  fact  of  those  pieces 
being  inserted  at  different  heights  may  not  be  apparent. 
—  {See  Ami.  des  Sc  v.  xxiii.  p.  226.) 

The  flower,  when  in  the  state  of  a  bud,  is  called  the  alahas- 
frus  {bouton  of  the  French) ;  a  name  used  by  Pliny  for  the 
rose-bud.  Some  writers  say  alabastrum,  forgetting,  as  it 
would  seem,  that  that  term  was  used  by  the  Romans  for  a 
scent-box,  and  not  for  the  bud  of  a  flower.  Link  calls  the 
parts  of  a  flower  generally,  whether  united  or  connate,  moria, 
whence  a  flower  \^  hi-polymorious  {Elem.,  243.);  but  I  know  of 
no  other  writer  who  employs  these  terms,  which  indeed  are 
quite  superfluous. 

The  flowers  of  an  anthodium,  which  are  small,  and  some- 
what different  in  structure  from  ordinary  flowers,  are  called 
florets  {Jlosculi ;  elytriculi  o^  decker ;  Jleur on  of  the  French). 

The  period  when  a  flower  opens  is  called  its  anthesis  ;  the 
manner  in  which  its  parts  are  arranged,  with  respect  to  each 
other,  before  the  opening,  is  called  the  (estivation.  iEstivation 
is  the  same  to  a  flower-bud  as  vernation  (p.  61.)  is  to  a  leaf- 
bud  :  the  terms  expressive  of  its  modifications  are  to  be  sought 
in  Glossology.  This  term  aestivation  is  applied  separately  to 
the  parts  of  which  a  flower  may  consist;  thus,  we  speak  of  the 
aestivation  of  the  calyx,  of  the  corolla,  of  the  stamens,  and 
of  the  pistil ;  but  never  of  the  aestivation  of  a  flower  col- 
lectively. 
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5.   Of  the  Inflorescence. 

Infiorescence  is  a  term  contrived  to  express  generally  the 
arrangement  of  flowers  upon  a  branch  or  stem.  The  part 
which  immediately  bears  the  flowers  is  called  the  pedunculus 
or  peduncle,  and  is  to  be  distinguished  from  any  portion  of  a 
branch  by  not  producing  perfect  leaves ;  those  which  are 
found  upon  it  called  brads  being  much  reduced  in  size  and 
figure  from  what  are  borne  by  the  rest  of  the  plant. 

The  term  peduncle,  although  it  may  be  understood  to  apply 
to  all  the  parts  of  the  inflorescence  that  bear  the  flowers,  is 
only  made  use  of  pi'actically,  to  denote  the  immediate  support 
of  a  single  solitary  flower,  and  is  therefore  confined  to  that 
part  of  the  inflorescence  which  first  proceeds  from  the  stem. 
If  it  is  divided,  its  principal  divisions  are  called  branches;  and 
its  ultimate  ramifications,  which  bear  the  flowers,  are  named 
pedicels.  There  are  also  other  names  which  are  applied  to  its 
modifications. 

In  plants  which  are  destitute  of  stem,  it  often  rises  above 
the  ground,  supporting  the  flowers  on  its  apex,  as  in  the 
Cowslip.  Such  a  peduncle  is  named  a  scape  [hampe,  Fr.). 
Some  botanists  distinguish  from  the  scape  the  pedunculus  radi- 
calism confining  the  former  term  to  the  pedmicle  which  arises 
from  the  central  bud  of  the  plant,  as  in  the  Hyacinth ;  and 
applying  the  latter  to  a  pedmicle  proceeding  from  a  lateral 
bud,  as  in  Plantago  media. 

When  a  peduncle  proceeds  in  a  nearly  right  line  from  the 
base  to  the  apex  of  the  inflorescence,  it  is  called  the  rachis,  or 
the  axis  of  the  inflorescence.  This  latter  term  was  used  by 
Palisot  de  Beauvois  to  express  the  rachis  of  Grasses,  and  is 
perhaps  the  better  term  of  the  two,  especially  as  the  term 
rachis  is  applied  by  Willdenow  and  others,  without  much 
necessity  it  must  be  confessed,  to  the  petiole  and  midril  of 
Ferns.  In  the  spikelets  of  Grasses  the  rachis  has  an  unusual, 
toothed,  flexuose  appeai'ance,  and  has  received  the  name  of 
scohina  from  Dumortier.  If  it  is  reduced  to  a  mere  bristle, 
as  in  some  of  the  single-flowered  spikelets,  the  same  writer  then 
distinouishes  it  by  the  name  of  acicula. 

When  the  part  which  bears  the  flowers  is  repressed  in  its 
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developemeiit,  so  that,  instead  of  being  lengthened  into  a 
raeliis,  it  forms  a  flattened  area  on  which  the  flowers  are 
arranged,  it  becomes  what  is  called  a  receptacle;  or,  in  the 
Jangiiage  of  some  botanists,  the  receptacle  of  the  fioxner  {Jig.lA.) 


74 


75 


When  the  receptacle  is  not  fleshy,  bnt  is  surroimded  b}^  an 
involucre,  it  is  called  the  clhianthium  (the  thalamus  of  Tour- 
nefort),  as  in  Compositae,  oi-,  in  the  language  of  Richard, 
plioranthium ;  the  former  term  is  that  generally  adopted  ; 
Lessing,  however,  calls  it  rachis.  But  if  the  receptacle  is 
fleshy,  and  is  not  enclosed  within  an  involucrum,  as  in  Dor- 
stenia  and  Ficus  [fig.  74.),  it  is  then  called  by  Link  Hijpan- 
tlioclium  ;  the  same  wi'iter  formerly  named  it  Amphanthiu?n,  a 
term  now  abandoned.  With  receptacles  of  this  sort,  which 
are  depressed  and  distended  branches,  are  not  unfrequently 
confounded  parts  of  a  different  nature,  as  in  the  Strawberry, 
the  soft,  succulent  centre  of  which  (fig.  75.)  is  evidently  the 
growing  point  (see  p.  56.),  excessively  enlarged,  and  bearing 
the  carpels  upon  its  surface.       See  Disk,  further  on. 

According  to  the  different  modes  in  which  the  inflorescence 
is  arranged,  it  has  received  different  names,  the  right  applica- 
tion of  which  is  of  the  first  importance  in  descriptive  botany. 
If  flowers  are  sessile  along  a  common  axis,  as  in  Plantago,  the 
inflorescence  is  called  a  spike  {epi,  Fr.),  {Jig.  77.);  if  they  are 
pedicellate,  under  the  same  circumstances,  they  form  a  raceme 
{grappe,  Fr.),  {Jig.  78.),  as  in  the  Hyacinth  :  the  raceme  and 
the  spike  differ,  therefore,  in  nothing,  except  that  the  flowers 
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of  the  latter  are  sessile,  of  the  former  pedicellate.  Tliese  are 
tlie  true  charactei's  of  the  raceme  and  spike,  which  have  been 
confused  and  misunderstood  in  a  most  extraordinary  manner 
by  some  French  writers. 

80,  n. 


84 


When  the  flowers  of  a  spike  are  destitute  of  calyx  an& 
corolla,  the  place  of  which  is  taken  by  bracts,  and  when 
with  such  a  formation  the  whole  inflorescence  falls  off"  in  a 
single  piece,  either  after  flowering  or  ripening  the  fruit,  as  in 
Corylus,  Salix,  &c.,  such  an  inflorescence  is  called  an  amentum 
or  catkin  {chaton,  Fr. ;  Catulus,  lulus,  nucamentum,  of  old 
writers),  {Jiff.  82.) 

If  a  spike  consists  of  flowers  destitute  of  calyx  and  corolla, 
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the  place  of  wliich  is  occupied  by  bracts,  supported  by  other 
bractea;  which  enclose  no  flowers,  and  when  with  such  a  form- 
ation the  rachis,  which  is  flexuose  and  toothed,  does  not  fall 
off  with  the  flowers,  as  in  Grasses,  each  part  of  the  inflo- 
rescence so  arranged  is  called  a  spikelet  or  loaista  {epillet,  Dec. ; 
paquet,  Tournefort). 

When  the  flowers  are  closely  arranged  around  a  fleshy 
rachis,  which  is  enclosed  in  the  kind  of  bract  called  a  spathe 
(see  p.  125.),  the  inflorescence  is  termed  a  spadLv  {spadice  or 
poinroii,  Fr.),  {Jiff.  85.).  This  is  only  known  to  exist  in  Aroi- 
dea-  and  Palms.  It  is  frequently  terminated,  as  at^^.  85.,  by  a 
soft  club-shaped  mass  of  cellular  substance  which  extends  far 
beyond  the  flowers,  and  is  itself  entirely  naked :  this  is  an  in- 
stance of  a  growing  point  altogether  analogous  to  what  forms 
the  spine  of  a  branch,  except  that  it  is  soft  and  blunt,  instead 
of  being  hard  and  sharp-pointed. 

The  raceme  has  been  said  to  differ  from  the  spike  only  in 
its  flowers  being  pedicellate :  to  this  must  be  added,  that  the 
pedicels  are  all  of  nearly  equal  length  ;  but  in  many  plants,  as 
Alyssum  saxatile,  the  lower  pedicels  are  so  long  that  their 
flowers  are  elevated  to  the  same  level  as  that  of  the  upper- 
most flowers  ;  a  corymb  is  then  formed  {Jig.  87.).  This  term 
is  frequently  used  in  an  adjective  sense,  to  express  a  similar 
arrangement  of  the  branches  of  a  plant  or  of  any  other  kind 
of  inflorescence :  thus,  in  Stevia,  the  branches  are  said  to  be 
corymbose ;  in  others,  the  panicle  is  said  to  be  corymbose ; 
and  so  on.  When  corymbose  branches  are  very  loose  and 
irregular,  they  have  given  "rise  to  the  term  muscarium;  a  name 
formerly  used  by  Tournefort,  but  not  now  employed. 

If  the  expansion  of  an  apparent  corymb  is  centrifugal,  in- 
stead of  centripetal ;  that  is  to  say,  commences  at  the  centre, 
and  not  at  the  circumference,  as  in  Dianthus  Carthusianorum, 
we  then  have  the  fascicle  {Jig.  8S.)  ;  a  term  which  may  not 
incorrectly  be  understood  as  synonymous  with  compound  co- 
rymb. The  modern  corymb  must  not  be  confounded  with  that 
of  Pliny,  which  was  analogous  to  our  capihdum. 

When  the  pedicels  all  proceed  from  a  single  point,  as  in 
Astraiitia,  and  are  of  equal  length,  or  corymbose,  we  have 
what  is  called  an  vmbcl  {Jig.  80.).     If  each   of  the  pedicels 
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bears  a  single  flower,  as  in  Eryngium,  the  umbel  is  said  lo  be 
simple  {Jig.  80.  a) ;  but  if  they  divide  and  bear  other  umbels, 
as  in  Heracleum,  the  umbel  is  called  compound ;  and  then 
the  assemblage  of  umbels  is  called  the  universal  umbel, 
while  each  of  the  secondary  umbels,  or  the  umbellules,  is 
named  a  partial  umbel.  The  peduncles  which  support  the 
partial  umbels  are  named  radii.  Louis  Claude  Richard  con- 
fined the  word  umbel  to  the  compound  form,  and  named  the 
simple  umbel  sertulum  {bouquet) ;  but  this  was  an  unnecessary 
change. 

Suppose  the  flowers  of  a  simple  umbel  to  be  deprived  of 
their  pedicels,  and  to  be  seated  on  a  receptacle  or  enlarged 
axis,  and  we  have  a  capitulum  or  head,  named  glomus  by  some, 
glomerulus  by  others.  If  this  is  flat,  and  surrounded  by  an 
involucre,  the  compound  flow-er,  as  it  is  inaccurately  called 
by  the  school  of  Linnaeus,  of  Compositas,  is  produced ;  which 
is  often  named  by  modern  botanists  anthodium  ;  it  is  also  called 
cephalanthium  by  Richard,  calathidium  by  Mirbel,  calatliium 
by  Nees  von  Evenbeck.  The  flowers  or  florets  borne  by  the 
anthodium  in  its  circumference  ai"e  usually  ligulate,  and  difter- 
ent  from  those  produced  within  the  circumference.  Those  in 
the  former  station  are  called  jiorets  of  the  ray  ;  and  those  in 
the  \!aXXq.y,  jiorets  of  the  disk. 

All  the  forms  of  inflorescence  which  have  been  as  yet  men- 
tioned are  to  be  considered  as  reductions  of  the  spike  or 
raceme.  Those  which  are  now  to  be  described  are  decom- 
positions, more  or  less  irregular,  of  the  raceme. 

The  fii'st  of  these  is  the  jxinicle  and  its  varieties.  The 
simple  panicle  differs  from  the  raceme  in  bearing  branches  of 
flowers  where  the  raceme  bears  single  flow-ers,  as  in  Poa 
{fig.  8L)  ;  but  it  often  happens  that  the  rachis  itself  separates 
into  irregular  branches,  so  that  it  ceases  to  exist  as  an  axis,  as 
in  some  Oncidiums.  This  is  called  by  Willdenow  a  deliquescent 
panicle.  Wlien  the  panicle  was  very  loose  and  diffiise,  the 
older  botanists  named  it  a  jidja  ;  but  this  is  obsolete.  If  the 
lower  branches  of  a  panicle  are  shorter  than  those  of  the 
middle,  and  the  panicle  itself  is  very  compact,  as  ill  Syringa, 
it  then  receives  the  name  of  thyrsus. 

Suppose  the  branches  of  a  deliquescent  panicle  to  become 
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sliort  and  corymbose,  with  a  centrifugal  expansion  indicated 
by  the  presence  of  a  solitary  flower  seated  in  the  axils  of  the 
dichotomoiis  ramifications,  and  a  clear  conception  is  formed  of 
what  is  called  a  cyme.  This  kind  of  inflorescence  is  found  in 
Sambucus,  Viburnum,  and  other  plants  {jicj.  84.). 

If  the  cyme  is  reduced  to  a  very  few  flowers,  such  a  dis- 
position has  been  called  a  verticillaster  by  Hoffhiansegg. 
[Ferzeichniss  z.  Pflanz.  Cult.,  ii.  203.)  It  constitutes  the 
normal  form  of  inflorescence  in  Labiatse,  in  which  two  verti- 
cillastri  are  situated  opposite  to  each  other  in  the  axils  of  the 
opposite  leaves.  By  Linnaeus,  the  union  of  two  such  verticil- 
lastri  was  called  a  verticillus  or  whorl ;  and  by  others,  with 
more  accuracy,  a  verticillus  spurius  or  false  whorl.  Link  terms 
this  inflorescence  a  thyrsula  ;  but  Hoffiiiansegg's  name  seems 
preferable. 

The  following  tabular  view  of  the  differences  in  in- 
florescences will  probably  tend  to  render  the  above  remarks 
more  clear  :  — 

Flowers  not  placed  on  stalks, 

arranged  upon  a  lengthened  axis, 

which  is  pe)'manent,  Spike,  Locusta,  Spadix. 
which  is  deciduous,    Catkin. 
arranged  upon  a  depressed  axis,  Capitulum,  Anthodium. 
Flowers  placed  on  distinct  stalks, 

arranged  upon  a  lengthened  axis. 
Stalks  simple, 

and  of  equal  length,  Itaceme. 
the  lowermost  the  longest. 

Inflorescence  centripetal,  Coy7/>«/^'. 

centrifugal,i^«5czc/f'. 

Stalks  branched. 

Inflorescence  lengthened  and 

centripetal,  Panicle. 
depressed  and  cen- 
trifugal. Cyme,  Verticillaster. 
arranged  upon  a  depressed  axis,  Umbel. 

It  occasionally  happens,  as  in  the  Vine,  that  the  rachis  of 
some  of  the  masses  of  inflorescence  loses  its  flowers ;  but  at 
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the  same  time  acquires  the  property  of  twining  round  any 
body  within  its  reach,  and  so  of  supporting  the  stem,  which 
is  too  feeble  to  support  itself.  Such  rachises  form  wluit  is 
called  a  spurious  cirrhus,  or  a  cirrhus  j}edunciilaris,  and  are  a 
striking  exception  to  the  general  law  that  the  cirrhus  takes  its 
rise  from  the  petiole  or  midrib. 

6.    Of  the  Calyx. 

The  calyx  is  the  most  exterior  integument  of  the  Flower, 
consisting  of  several  verticillate  leaves,  either  united  by  their 
margins  or  distinct,  usually  of  a  green  colour,  and  of  a  ruder 
and  less  delicate  texture  than  the  corolla. 

Authors  have  long  disputed  about  the  definition  of  a  calyx, 
and  the  limits  which  really  exist  between  it  and  the  corolla : 
the  above,  w^hich  is  copied  from  Link,  seems  to  be  the  only 
one  that  can  be  considered  accurate.  The  fact  is,  that  in 
many  cases  they  pass  so  insensibly  into  each  other,  as  in  Caly- 
canthus  and  Nymphaea,  that  no  one  can  say  where  the  calyx 
ends  and  the  corolla  begins,  although  it  is  evident  that  both 
are  present.  Linnaeus,  indeed,  thought  that  it  was  possible 
to  distinguish  them  by  their  position  with  regard  to  the 
stamens,  asserting  that  the  divisions  of  the  calyx  are  opposite 
those  organs  of  the  corolla  alternate  with  them ;  but,  if  this 
distinction  were  admitted,  the  corolla  of  the  Primrose  would 
be  an  inner  calyx,  which  is  manifestly  an  absurdity.  Jussieu 
defines  a  caljTC  by  its  being  continuous  with  the  peduncle, 
which  the  corolla  never  is ;  and  this  may  seem  in  some  cases 
a  good  distinction  ;  but  there  are  plenty  of  true  calyxes,  of  all 
Papaveraceous  and  Cruciferous  plants,  for  instance,  in  which 
the  cal}TC  is  deciduous,  and  not  more  continuous  with  the 
peduncle  than  the  corolla  itself.  The  only  just  mode  of  dis- 
tinguishing the  caljTC  seems  to  me  to  be  to  consider  it  in  all 
cases  the  most  exterior  verticillate  series  of  the  integuments 
of  the  flower  within  the  bracts,  whether  it  be  half-coloured, 
deciduous,  and  of  many  pieces,  as  in  Cruciferse  ;  membranous 
and  wholly-coloured,  as  in  Mirabilis  ;  green  and  campanulate, 
or  tubulai',  as  in  Laurus  and  Lythrum.  Upon  this  principle, 
whenever  there  is  only  one  series  of  floral  integuments,  that 
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series  is  the  calyx.     A  calyx,  therefore,  can  exist  without  a 
corolla ;  but  a  corolla  cannot  exist  without  a  calyx. 

The  term  Perianth  is  sometimes  given  as  synonymous  with 
calyx ;  but  this  is  an  error. 

The  word  Perianth  signifies  the  calyx  and  corolla  com- 
bined, and  is  therefore  strictly  a  collective  term.  It  should 
only  be  employed  to  designate  a  calyx  and  corolla,  the  limits 
of  which  are  undefined,  so  that  they  cannot  be  satisfactorily 
distinguished  from  each  other,  as  in  most  Monocotyledonous 
plants,  the  Tulip  and  the  Orchis  for  example.  But  since, 
even  in  such  plants  as  these,  there  can  be  no  reasonable  doubt 
that  the  three  outer  floral  leaves  are  the  calyx,  and  the  three 
inner  the  corolla  (as  is  shown  both  by  Tradescantia  and  its 
allies,  in  which  the  usual  limits  between  calyx  and  corolla 
exist,  and  by  the  usual  origin  of  those  parts  in  two  distinct 
whorls),  the  utility  of  the  term  Perianth  is  rendered  ex- 
tremely confined.  It  is  often  a  mere  evasion  of  the  task  of 
ascertaining  the  exact  nature  of  the  floral  envelopes  in  doubtful 
cases.  Some  writers,  among  whom  are  Link  and  De  Can- 
dolle,  have  substituted  Ferigoyiiiim  for  Perianthium  :  but  the 
latter  is  in  most  common  use,  its  application  is  perfectly  well 
understood,  and  there  is  no  good  reason  for  its  being  changed. 
Ehi-hart,  with  whom  the  name  Perigonium  originated,  called 
it  double  when  the  calyx  and  corolla  are  evidently  distinct, 
and  single  if  they  are  not  distinguishable ;  but  this  use  of 
terms  is  obsolete. 

The  divisions  of  a  calyx  are  called  its  sepals  (sepala)  ;  a 
term  first  invented  by  Necker,  and  recently  revived  by  De 
Candolle.  Botanists  of  the  school  of  Linnaeus  call  them  the 
leaflets  or  foliola.  Link  says  the  word  sepalum  is  barbarous, 
and  proposes  to  substitute  ]//ii/llum.  The  sepals  are  generally 
longer  than  the  corolla  in  aestivation,  and  during  that  period 
act  as  its  protectors :  during  flowering  they  are  mostly  shorter. 

The  calyx  in  ordinary  cases,  if  deciduous,  falls  off  from  the 
peduncle  by  its  base.  In  many  cases  the  sepals  drop  off 
separately,  as  leaves  fall  from  the  stem  ;  but  occasionally  they 
cohere  firmly  into  a  sort  of  cap  or  lid,  which  is  pushed  off 
entire  by  the  increase  of  the  corolla  and  stamens :  in  these 
cases  the  calyx  is  said  to  be  operculate,  if  it  falls  off  without 
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any  lateral  rupture  of  its  cap,  as  in  Eucalyptus  ;  and  calyp- 
trate^  if  at  the  period  of  falling  it  bursts  on  one  side,  as  in 
Eschscholtzia.  In  the  former  of  these  two  cases,  the  cohesion 
between  the  sepals  is  complete  and  never  destroyed ;  in  the 
latter,  two  of  the  sepals  separate,  the  cohesion  between  the 
remainder  continuing  complete. 

The  calyx  of  Compositae  is  so  very  different  in  appearance 
from  the  calyx  of  other  plants,  that  it  is  known  by  the  par- 
ticular name  oi  pappus.  It  usually  consists  of  hair-like  pro- 
cesses proceeding  from  the  apex  of  the  ovary,  in  which  case  it 
is  said  to  he  pilose  :  if  those  hairs  are  themselves  divided,  it  is 
plumose ;  if  they  are  very  unusually  stiff",  it  is  setose,  in  which 
case  the  setae  are  often  reduced  in  number  to  two,  oi"  even 
one ;  if  the  divisions  of  the  pappus  are  broad  and  membranous, 
it  is  said  to  be  paleaceous :  finally,  it  is  sometimes  reduced  to 
a  mere  rim :  in  which  case  it  is  said  either  to  be  marginate, 
or  to  be  none  —  to  have  no  existence.  If  the  pappus  is  in 
two  rows,  which  it  occasionally  is,  the  inner  circle  only  is  to 
be  understood  as  calyx :  the  exterior  must  then  be  accounted 
bracts  or  paleae  of  the  receptacle  confluent  witii  the  ovary. 

In  such  cases  as  those  above  mentioned,  where  the  calyx  is  alto- 
gether obsolete,  the  definition  of  that  organ,  as  the  most  exter- 
nal of  the  floral  envelopes,  appears  to  be  destroyed ;  but  there 
can  be  no  doubt  that  it  is  present  in  the  form  of  a  membrane 
adhering  to  the  side  of  the  ovary,  although  it  is  not  visible  to 
our  eyes.  The  same  may  be  said  of  such  plants  as  those 
Acanthaceae  {Introduction  to  the  Nat.  Syst.,  p.  2.33.),  in  which, 
although  the  calyx  is-sreduced  to  a  mere  ring,  yet  it  does  exist 
in  the  shape  of  that  ring. 

The  Calyx  being  composed  of  leaves  analogous  to  those  of 
the  stem,  but  reduced  in  size  and  altered  in  appearance,-  it 
will  follow  that  it  is  subject  to  the  same  laws  of  developement 
as  stem-leaves ;  and,  as  the  latter,  in  all  cases,  originate  imme- 
diately from  the  axis,  helow  those  that  succeed  them  in  the 
order  of  developement,  so  the  calyx  must  always  have  an 
oritrin  beneath  those  other  oraans  which  succeed  it  in  the 
form  of  corolla,  stamen,  and  pistil  or  ovary.  Hence  has  arisen 
the  axiom  in  botany,  that  whatever  the  apparent  station  of  the 
calyx  may  be,  it  always  derives  its  origin  from  below  the 
ovary  :  nevertheless,  it  is  often  said  to  be  superior. 
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If  it  is  distinct  from  the  ovary,  as  in  Silene,  it  is  said  to  be 
inferior  {calyx  inferus,  or  liberus) ;  and  the  ovary  is  then  called 
superior  {ovarium  superum,  or  liberum)  (Plate  V.  fig,  3.) ;  but 
if  it  is  firmly  attached  to  the  sides  of  the  ovary,  so  that  it  can- 
not be  separated,  as  in  Myriophyllum,  it  is  then  called  superior 
{calyx  superus),  and  the  ovary  inferior  {ovarium  inferum) 
(Plate  V.  fig.  7.  9.).  From  what  has  been  said  of  pappus  it 
will  be  obvious  that  it  is  a  superior  calyx. 

The  general  opinion  of  botanists,  in  regard  to  the  real 
nature  of  the  superior  calyx,  is  such  as  I  have  stated;  and 
the  accuracy  of  it  in  the  majority  of  cases  is  indisputable: 
but  it  is  by  no  means  certain  that,  in  some  instances,  what  is 
called  the  tube  of  the  calyx  is  not,  as  I  have  elsewhere  stated 
{Introduction  to  the  Natural  System^  p.  26.),  "  sometimes  a 
peculiar  extension  or  hollowing  out  of  the  apex  of  the'pedicel, 
of  which  we  see  an  example  in  Eschscholtzia,  and  of  which 
Rosa  and  Calycanthus,  and,  perhaps,  all  supposed  tubes  with- 
out apparent  veins,  may  also  be  instances."  And  if  this  be 
so,  the  superior  calyx  may  be  so  in  consequence  of  the 
cohesion  of  the  ovary  with  the  inside  of  an  excavated 
pedicel,  and  not  with  the  calyx  itself. 

Wlien  the  sepals  cohere  by  their  contiguous  edges  into  a 
kind  of  tube  or  cup,  the  calyx  is  said  to  be  monophyllous  ;  an 
inaccurate  term,  which  originated  in  what  may  be  called  the 
dark  age  of  botany,  when  the  real  nature  of  organs  was 
unknown,  and  when  a  monophyllous  calyx  was  thought  to 
consist  really  of  a  single  leaf,  clipped  into  teeth  at  its  margin. 
To  avoid  this  inaccuracy,  the  word  yamosejjalous  has  been 
proposed  ;  but  ,as  the  real  nature  of  a  monophyllous  calyx  is 
now  understood,  changing  the  term  is  more  embarrassing  to 
the  student  than  profitable  to  science. 

Various  terms  are  employed  to  express  the  degree  in  which 
the  sepals  of  a  monophyllous  calyx  cohere :  they  will  be  ex- 
plained in  Glossology.  When  no  cohesion  whatever  takes  place 
between  the  leaves  of  a  calyx,  the  term  sepalous  is  employed 
with  that  Greek  numeral  prefixed,  which  is  equivalent  to  the 
number  of  pieces;  as,  for  example,  if  they  are  two,  the  calyx  is 
dJsepalous;  if  three,  trisepalous;  if  four,  tetrasepalous,  and  so  on. 

Sometimes  the  calyx  has  certain  expansions  or  dilatations, 
as  in    Scutellaria  and   Salsola.     These  are  generally  named 
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appendai/es,  and  such  a  calyx  is  said  to  be  apimidicalate ;  bm 
Moeiich  has  proposed  a  particular  term  for  them,  peraphijUum, 
which  is,  however,  never  used. 
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7.    Of  the  Corolla. 
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That  envelope  of  the  flower  which  forms  a  second  whorl 
within  the  calyx,  and  between  it  and  the  stamens,  is  called  the 
corolla.  Its  divisions  always, .  without  exception,  alternate 
with  those  of  the  calyx,  and  are  called  petals.  Like  the 
sepals,  they  are  either  united  by  their  margins,  or  distinct; 
but,  unlike  the  calyx,  they  are  rarely  green,  being  for  the  most 
part  either  white,  or  of  some  colour,  such  as  red,  blue,  or 
yellow,  or  of  any  of  the  hues  produced  by  their  intermix- 
ture.   The  corolla  is  generally  also  much  larger  than  the  calyx. 

Necker  called  the  corolla  jjerigynandra  interior^  and  Lin- 
naeus occasionally  gave  it  the  name  of  Aulceum,  which  literally 
signifies  the  drapery  of  a  room. 

The  alternation  of  the  segments  of  the  corolla  with  those 
of  the  calyx  is  a  necessary  consequence  of  their  both  being- 
modifications  of  whorls  of  leaves,  and  therefore  subject  to  the 
same  laws  of  arrangement.  If  two  whorls  of  leaves  are  exa- 
mined, those  of  Galium,  for  example,  they  will  always  be 
found  to  be  mutually  so  arranged,  that  if  the  internode  that 
separates  them  were  removed,  they  \\ould  exactly  alternate 
with  each  other ;  and  as  there  are  no  known  exceptions  to  this 
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law  ill  real  leaves,  il  is  natural  that  it  should  not  be  departed 
from  in  any  modifications  of  them. 

When  the  petals  of  a  corolla  are  all  distinct,  then  the 
corolla  is  said  to  be  imlypetalom ;  but  if  they  cohere  at  all  by 
their  contiguous  margins,  so  as  to  form  a  tube,  it  then  be- 
comes what  is  called  monojjetalous ;  an  inaccurate  term  of  the 
same  origin  as  that  of  monophyllous,  in  regard  to  calyx  {see 
p.  138.),  and  for  whicli  that  o^ ganiopetalous  has  been  some- 
times substituted. 

If  the  petals  adhere  to  the  bases  of  the  stamens,  so  as  to 
form  a  sort  of  spurious  monopetalous  corolla,  as  in  Malva 
and  Camellia,  such  a  corolla  has  been  occasionally  called 
catapetalous ;  but  this  term  is  never  used,  all  such  corollas 
being  considered  polypetalous. 

When  the  petals  are  confluent  into  a  monopetalous  corolla, 
they  constitute  what  is  called  a  tube;  the  orifice  of  which  is 
the  faux  or  th'oat.  The  principal  forms  of  such  a  corolla 
are  rotate  {Jig.  94.),  hypocrateriform  {Jig.  92.),  infundibu- 
liform  {Jig.  95.),  campanulate  {Jig.  69.),  and  labiate  {Jig.  93.). 
When  the  divisions  of  a  monopetalous  corolla  do  not,  as  in 
Campanula,  spread  regularly  round  their  centre,  but  part 
take  a  direction  upwards,  and  the  remainder  a  direction 
downwards,  as  in  Labiatte,  the  upper  form  what  is  called  the 
upper  lip,  and  the  lower,  the  lorcer  lip,  or  lahellum  ;  the  latter 
term  is  chiefly  applied  to  the  lower  lip  of  Orchideous  plants. 
If  the  upper  lip  is  arched,  as  in  Lamium  album,  it  is  termed 
the  galea  or  helmet.  When  the  two  lips  are  separated  from 
each  other  by  a  wide  regular  orifice,  as  in  Lamium,  the 
corolla  is  said  to  be  labiate  or  ringent ;  if  the  upper  and  lower 
sides  of  the  orifice  are  pressed  together,  as  in  Antirrhinum,  it 
is  personate  or  masked,  resembling  the  face  of  some  grinning 
animal.  In  the  latter  the  lower  side  of  the  orifice  is  elevated 
into  two  longitudinal  ridges,  divided  by  a  depression  corre- 
sponding to  the  sinus  of  the  lip ;  this  part  of  the  orifice  is 
called  the  palate.  In  ringent  and  personate  corollas  the 
orifice  is  sometimes  named  the  rictus  ;  but  this  tei'm  is  super- 
fluous and  little  used. 

A  petal  consists  of  the  following  parts  :  —  the  limb  or  lamina 
(lame,  Fr.)  ;  and  the  iuiguii<  or  ciaio  (onglet,  Fr.).     The  claw 
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is  the  narrow  part  at  the  base  wliich  takes  the  place  of  the 
foot-stalk  of  a  leaf,  of  which  it  is  a  modification  ;  the  limb  is 
the  dilated  part  supported  upon  the  claw,  and  is  a  modifica- 
tion of  the  blade  of  a  leaf.  In  many  petals  there  is  no  claw, 
as  in  Rosa ;  in  many  it  is  very  long,  as  in  Dianthus.  WHien 
the  claw  is  present,  the  petal  is  said  to  be  unguicidate.  In 
some  unnaturally  deformed  flowers  the  limb  is  absent,  as  in 
the  garden  variety  of  Rose,  called  R.  GEillet,  in  which  the 
petals  consist  wholly  of  claw. 

According  to  the  manner  in  which  the  petals  of  a  polype- 
talous  corolla  are  arranged,  they  have  received  different  names, 
which  are  thus  defined  by  Link :  —  the  rosaceous  corolla 
{Jiff'  97.)  has  no  claw,  or  it  is  very  small ;  the  liliaceous 
{jig.  72.)  has  its  claws  gradually  dilating  into  a  limb,  and 
standing  side  by  side ;  a  caryophyllaceous  has  long,  narrow, 
distant  claws ;  the  alsinaceous  has  short  distant  ones ;  the 
cruciate  flower  has  four  valvaceous  sepals,  four  petals,  and  six 
stamens,  of  which  two  are  shorter  than  the  rest,  and  placed 
singly  in  front  of  the  lateral  sepals,  and  four  longer,  and 
standing  in  pairs  opposite  the  two  other  sepals.  If  the  corolla 
is  very  irregular,  with  one  petal  very  large  and  helmet-shaped, 
or  hooded,  as  in  Aconitum,  it  is  sometimes  called  cassideous  ; 
if  it  resembles  what  is  called  labiate  in  monopetalous  corollas, 
it  is  termed  lahiose.  The  corolla  of  the  Pea,  and  most  Legu- 
minous plants,  has  received  the  fanciful  name  o^  papilionaceous 
or  butterjiy-shajxd  {Jigs.  98,  99.) ;  in 
this  there  are  five  petals,  of  which  the 
upper  is  erect  and  more  expanded  than 
the  rest,  and  is  named  the  standard  or 
vexillum  (etendard,  Fr.) ;  the  two  late- 
ral are  oblong,  at  right  angles  with  the 
standard,  and  parallel  with  each  other, 
and  are  called  the  wings  or  alee  (ailes, 
Fr.) ;  and  the  two  lower,  shaped  like 
the  wings  and  parallel  with  them,  co- 
here by  their  lower  margin,  and  form 
the  keel  or  carina  (carene  or  nacelle, 
Fr.).  The  wings  were  formerly  called 
talarcE  bv  Link,  and  the  keel  scaphium  by  the  same  author. 
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WTien  xhe  corolla  is  very  small,  or  when  it  forms  a  part  of 
an  antliodimn,  it  is  called  corollula  .-  that  of  a  floret  is  so  called. 

If  the  flower  has  no  corolla,  it  is  said  to  be  apetalous. 

Sometimes  a  petal  is  lengthened  at  the  base  into  a  hollow 
tube,  as  in  Orchis,  &c. :  this  is  called  the  spur  or  calcai\  and 
by  some  nectar otiieca. 

In  Umbelliferae  the  petal  is  abruptly  acuminate ;  and  the 
acumen  is  inflexed.     The  latter  is  named  the  lacinula. 

A  corolla  is  said  to  be  regular  when  its  segments  form 
equal  rays  of  a  circle  supposed  to  be  described,  with  the 
axis  of  the  flower  for  a  centre.  If  they  are  unequal,  the 
corolla  is  called  irregular.  Equal  and  unequal  are  occasionally 
substituted  for  regular  and  irregular. 

In  anatomical  structure,  the  petal  should  agree  with  a  leaf, 
of  which  it  is  a  mere  modification ;  and,  in  fact,  it  does  so 
in  all  that  is  important,  its  dilfei-ences  consisting  chiefly  in 
an  attenuation  and  colouring  of  the  tissue,  with  a  suppression  of 
woody  fibre.  Like  a  leaf,  petals  consist  of  a  flat  plate  of  paren- 
chyma, articulated  with  the  stem,  traversed  by  veins,  and  fre- 
quently having  stomates  upon  its  surface.  Their  veins  consist 
almost  entirely  of  delicate  spiral  vessels,  upon  which  the 
parenchyma  is  immediately  placed.  It  is  therefore  by  mis- 
take that  De  Candolle  has  stated  [Organogr.,  p.  454.)  that 
stomates  and  spiral  vessels  are  usually  absent.  The  latter  may 
be  very  readily  seen  in  the  corolla  of  Anagallis,  where  they 
form  a  beautiful  microscopical  object,  as  I  first  learned  from 
Mr.  Solly. 

The  petals  are  usually  deciduous  soon  after  flowering,  or 
even  at  the  instant  of  expansion :  a  very  rare  instance  of 
their  persistence  and  change  from  minute  colourless  bodies 
into  leafy,  richly  colovn*ed  expansions,  occurs  in  Melanorrhaea 
usitatissima. 

Their  colours  are  due  to  the  secretion  wdthin  the  bladders 
of  their  parenchyma  of  a  peculiar  substance :  even  white 
petals  are  so  in  consequence  of  the  deposit  of  an  opaque  white 
substance,  and  not  because  of  the  absence  of  colouring  matter. 

In  most  corollas  the  petals,  in  their  natiu'al  state,  form  but 
one  whorl  within  that  of  the  calyx  :  but  instances  exist  in 
which  they  naturally  are  found  in  several  whorls,  as  in  Nymph- 
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phaea,  Niipbar,  Magnolia,  SiC.  It  sometimes  happens  that,  if 
there  is  more  than  one  row  of  petals,  all  within  the  first  row 
assume  a  different  appearance  from  the  first ;  the  filamentous 
processes  of  the  crown  of  Passiflora  are  also  apparent!}'  of  this 
nature. 

Tlie  petals  are  often  furnished  with  little  appendages 
{fig.  105.)i  which  are  either  inner  rows  of  petals  in  a  state  of 
adhesion  to  the  first  row,  or  modified  stamens;  which  it  is 
sometimes  difficult  to  ascertain,  but  always  certainly  one  of 
the  two.  Many  of  these  enter  into  Linnosus's  notion  of  nec- 
tarium,  although  nearly  the  whole  of  them  are  destitute  of 
any  power  of  secreting  nectar  or  honey. 
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The  most  common  form  of  appendage  is  the  corona,  which 
proceeds  fi'om  the  base  of  the  limb,  forming  sometimes  an  undi- 
vided cup,  as  in  Narcissus  {fig.  104.),  wlien  it  becomes  the 
scyphus  of  Haller  ;  sometimes  dividing  into  several  foliaceous 
erect  scales,  as  in  Silene  and  Brodi^a,  when  it  forms  the  lamella 
of  some  writers;  occasionally  appearing  as  cylindrical  or  clavate 
processes,  as  in  Schwenckia  and  Tricoryne,  where  it  is  mani- 
festly modified  stamens;  and  even  in  some  instances  formino- 
a  thick  solid  mass  covering  over  the  ovarium,  and  adherino-  to 
the  stamens,  as  in  Stapelia ;  when  it  is  called  the  orhiculus. 
Parts  of  this  last  form  of  corona  bear  several  names,  w^hich 
are  found  useful  in  avoiding  repetition  in  describino-  the  com- 
plicated structure  of  this  kind  of  appendage.  Tlie  whole  mass 
of  the  corona  is  the  orhiculus,  or  saccus,  or  stylotegium ;  cer- 
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tain  honi-like  processes  are  cornita,  or  horns;  the  upper  end 
of  these  is  the  beak,  or  rostrum,  and  their  back,  if  it  is  dilated 
and  compressed,  is  the  ala,  or  appendix ;  occasionally  there  is 
an  additional  set  of  horns  proceeding  from  the  base  of  the 
orbiculus,  and  alternate  with  the  horns,  these  are  ligulcB  ;  the 
circular  space  in  the  middle  of  the  top  of  the  orbiculus  is  the 
scutum.  Brown  names  the  orbiculus  corona  staminea,  and  its 
divisions  ^Z/o/a,  or  leaflets. 

In  some  plants,  as  Cynoglossum,  the  lamellEe  are  very 
small,  scale-like,  and  overarch  the  orifice  of  the  tube ;  such 
have  received  the  name  o^ fornix. 

Link  calls  every  appendage  which  is  referable  to  the  corolla 
a  pai'acorolla  ;  or,  if  consisting  of  several  pieces,  parapetalum  ; 
and  every  appendage  which  is  referable  to  the  stamens  a 
parastemon.  The  filiform  rays  of  the  corona  of  Passiflora  the 
same  author  calls  paraphyses  or  parastades. 

Moench  names  such  appendages  of  the  corolla  as  the  fila- 
mentous beard  of  Menyanthes  perapetalum,  and  Sprengel  calls 
the  same  thing  nectarihjma. 

In  Ranunculus  there  exists  at  the  base  of  each  petal  a  little 
shining,  sometimes  elevated,  space  which  secretes  honey.  This 
is  the  true  nectarium  or  nectarosti(/ma  of  Sprengel.  By  some 
writers  it  has  been  considered  a  kind  of  reservoir,  in  which 
there  is  much  plausibility ;  but  it  seems  to  me,  from  analogy, 
to  be  a  barren  stamen,  united  with  the  base  of  the  petal,  and 
to  be  of  the  same  nature  as  the  lamella  of  other  plants. 

8.    Of  the  Stamens. 


lOfi  107 


1 1 


112 


CHAP.  ir.  STAMENS.  145 

Next  the  petals,  in  the  inside,  are  seated  the  organs  called 
Stamens  —  the  Apices  of  old  botanists.  These  constitute  the 
Andrceceum  or  male  apparatus  of  the  flower,  like  the  calyx  and 
corolla  are  modifications  of  leaves,  and  consist  of  the  Jilament, 
the  anther,  and  the  pollen,  of  which  the  two  latter  are  essential : 
the  first  is  not  essential ;  that  is  to  say,  a  stamen  may  exist 
without  a  filament,  but  it  cannot  exist  without  an  anther  and 
pollen.  All  bodies,  therefore,  which  resemble  stamens,  or 
which  occupy  their  place,  but  which  are  destitute  of  anther, 
are  either  petals,  or  appendages  of  the  petals,  or  abortive 
stamens. 

As  the  petals  are  naturally  alternate  with  the  sepals,  so  the 
natural  station  of  the  stamens,  if  of  equal  number  with  the 
petals,  is  alternately  with  them ;  and  ail  deviations  from  this 
law  are  to  be  understood  as  irregularities  arising  from  the 
suppression  or  addition  of  parts.  Thus,  when  in  the  Primrose 
we  find  the  stamens  opposite  the  segments  of  the  corolla, 
and  equal  to  them  in  number,  it  is  to  be  supposed  that  those 
stamens  which  are  present  constitute  the  second  of  two  rows 
of  which  the  exterior  is  not  developed ;  and  when  in  Silene 
we  find  the  stamens  ten,  while  the  petals  are  five,  the  former 
are  to  be  considered  to  consist  of  two  rows,  although  appear- 
ing to  consist  of  one.  This  may  be  understood  by  examining 
Oxalis,  in  which  the  stamens  are  all  apparently  in  one  row, 
but  are  alternately  of  different  lengths.  When  the  number 
of  Stamens  exceeds  twice  that  of  the  petals,  they  will  still 
be  divisible  by  the  number  of  which  they  were  at  first  a 
multiple,  until  their  number  is  excessively  increased,  when 
they  seem  to  cease  to  bear  any  kind  of  proportion  to  the 
petals. 

The  stamens  always  originate  from  the  space  between  the 
base  of  the  petals  and  the  base  of  the  ovary.  But  botanists 
are  nevertheless  in  the  habit  of  saying  that  they  are  inserted 
into  the  cal}^  or  corolla  {_^ff.  120.)  {j)erigynous),  or  under  the 
pistil  (Jig.W'd.)  {liypogynous),  or  into  the  pistil  (Jig.  119.) 
{epigynous),  all  expressions  inaccurate  and  leading  to  erroneous 
notions  of  structure.  The  student,  therefore,  must  understand, 
that  when  in  the  Primrose  the  stamens  are  said  to  be  inserted 
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into  the  mouth  of  the  corolla,  it  is  meant  that  they  cohere 
with  tlie  corolla  as  far  as  the  mouth,  where  they  first  separate 
from  it ;  when  in  the  Rose  they  are  said  to  be  inserted  into 
the  calyx,  it  is  meant  that  they  cohere  with  the  calyx  up  to  a 
certain  point,  where  they  separate  from  it ;  when  in  Arabis 
they  are  said  to  be  inserted  under  the  pistil,  it  is  meant  that 
they  cohere  with  neither  calyx  nor  corolla,  but  stand  erect 
from  tl\e  point  which  inunediately  produces  them ;  and  finally, 
when  in  Orchis  or  Heracieum  they  are  said  to  be  inserted  into 
the  pistil,  such  an  expression  is  to  be  taken  as  meaning  that  they 
cohere  with  the  pistil  more  or  less  perfectly.  For  excellent  argu- 
ments in  support  of  this  hypothesis,  see  Dunal's  Considerations 
sur  la  Nature  et  les  Raj)ports  de  quelqucs  uns  des  Organes  de  la 
Fleur.  I  do  not  use  them,  or  any  such,  here,  because  it  seems 
to  be  so  self-evident  a  fact,  when  once  pointed  out,  as  to  re- 
quire no  demonstration. 

When  the  filaments  are  combined  into  a  single  mass,  the 
mass  is  said  to  be  a  brotherhood  or  an  adelphia  :  if  there  is 
one  combination,  as  in  Malva,  they  are  monadelphous  {fig.  1 14.); 
if  two,  as  in  Fumaria  or  Pisum,  diaddphous  ;  if  three,  as  in 
some  Hypericums,  triadclphous ;  if  several,  as  in  Melaleuca, 
polyadelphous  {fig.  \\2.).  The  tube  formed  by  the  union  of 
the  filaments  in  a  monadelphous  combination  is  called,  by 
Mirbel,  androphorum. 

If  the  stamens  are  longer  than  the  corolla  they  are  exserted  ; 
if  shorter,  they  are  called  included :  when  they  all  bend  to  one 
side,  as  in  Amaryllis,  thev  are  declinate  ;  if  two  out  of  four  are 


CHAP,   II.  STAMENS.  147 

shorter,  they  are  didynamous ;  if  four  out  of  six  are  longest, 
they  are  tetradynamous. 

The  number  of  stamens  is  indicated  by  a   Greek  numeral 
prefixed  to  the  word  androus,  which  signifies  male,  thus :  — 

One  stamen  is  Monandrous. 


Two 

Diandrous. 

Three 

Triandrous. 

Four 

Tetrandrous. 

Five 

— 

Pentandrous. 

Six 

— 

Hexandrous. 

Seven 

— 

Heptandrous. 

Eight 

Octandrous. 

Nine 

Enneandrous. 

Ten 

Decandrous. 

Eleven  or  twelve  stamens. 

,  Dodecandrous. 

Twelve  to  twenty 

Icosandrous. 

Above  twenty 

— 

Polyandrous,  or  Indefinite. 

The  Jilament  (Plate  III.)  {copillameritum,  or  pediculus,  of 
some)  is  the  part  that  supports  the  anther.  It  consists  of  a 
bundle  of  delicate  woody  tissue  and  spiral  \"essels,  surrounded 
by  cellular  tissue,  and  is  in  all  respects  the  same  as  the  petiole 
of  a  leaf,  of  which  it  is  a  modification,  except  that  its  parts  are 
more  delicate.  As  the  petiole  is  unessential  to  the  leaf,  so  is 
the  filament  to  the  anther,  it  being  frequently  absent,  or  at 
least  so  strictly  united  to  the  sides  of  the  caljoc  or  corolla  as  to 
be  undistinguishable.  Its  most  common  figure  is  filiform  or 
cylindrical  (Plate  III.  fig.  12,  13.  20,  21.),  and  it  is  almost 
always  destitute  of  colour;  but  there  are  exceptions  to  both 
these  chai'acters.  In  Fuchsia,  for  instance,  the  filaments  are 
red  like  the  petals ;  in  Adamia  they  are  blue ;  in  CEnothera 
they  are  yellow ;  and  a  return  to  the  foliaceous  state  of  which 
they  usually  are  a  distinct  modification  is  by  no  means  rare. 
(Plate  IV.  fig.  6.  8.)  Thus  the  filament  in  Canna  is  undis- 
tinguishable from  petals  except  by  its  having  an  anther; 
in  the  same  genus  and  its  allies,  and  in  all  Scitamineae,  the 
inner  series  of  what  seem  to  be  petals  are  modifications  of 
filaments  (see  Introduction  to  the  Nat.  Syst.  p.  265.) :  and  this 
is  a  very  common  circumstance  in  sterile  stamens. 
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The  filament  also  varies  in  other  respects :  in  Thalictrum 
it  is  thickest  at  the  uj^per  end,  or  davate  (Plate  III.  fig.  23.); 
in  Mahernia  geniculate  (Plate  III.  fig.  25.),  in  Hirtella 
spiral,  in  Ci'ambe  hifurcate,  in  Anthericum  bearded  or  stupose. 
In  some  plants  the  filaments  are  combined  into  a  solid  body 
called  the  colw7ina,  as  in  Stapelia,  Stylidium  (Plate  IV.  fig.  1, 
2,  3.),  Rafilesia,  and  others :  this  has  in  Orchideae  received 
from  Richard  the  name  o^ gynostemium. 

Care  must  be  taken  not  to  confound  the  pedicel  and  single 
stamen  of  the  naked  male  flowers  of  Euphorbia  with  a  fila- 
ment, as  was  done  by  all  writers,  vuitil  Brown  detected  the 
error.     For  modifications  of  filaments  see  Plates  III.  and  IV. 

The  Anther  ( Theca  of  Grew ;  Cajjsula,  Malpighi :  Apex, 
Ray ;  Testicidus  or  Testis,  Vaillant ;  Capitulum,  Jungius ;  Sper- 
matocystidium,  Hedwig)  is  a  body  generally  attached  to  the 
apex  of  the  filament,  composed  of  two  parallel  lobes  or  cells 
[theccB,  or  coniothecce,  or  locidi),  containing  pollen,  and  united 
by  tl\e  connective.  It  consists  entirely  of  cellular  tissue,  with 
the  exception  sometimes  of  a  bundle  of  very  minute  vascular 
tissue,  which  diverges  on  each  side  from  the  filament,  and 
passes  through  that  part  of  the  anther  from  which  the  pollen 
has  been  incorrectly  supposed  to  separate,  and  which  is 
called  the  receptacle  of  the  pollen  by  some,  the  trophopollen  by 
Tui'pin,  and  the  raphe  by  Link,  but  with  greater  propriety 
the  septum  of  the  anther.  Its  coat  is  called  by  Purkinje 
exothecium. 

In  the  most  common  state  of  the  anther  the  cells  are  parallel 
with  each  other  (Plate  III.  fig.  14.),  and  open  with  two 
valves  (Plate  III.  fig.  13.  a),  by  a  longitudinal  fissure  from 
the  base  to  the  apex ;  in  Labiatae  and  Scrophularineas  the 
cells  diverge  more  or  less  at  the  base  (Plate  III.  fig.  15.  18.), 
so  as  in  some  cases  to  assume  the  appearance  of  a  one-celled 
horizontal  anther,  especially  after  they  have  burst.  In  Cu- 
curbitaceae  the  lobes  are  very  long  and  narrow,  sinuous,  and 
folded  back  upon  themselves  (Plate  III.  fig.  24.)  In  Salvia 
the  connective  divides  into  two  unequal  portions,  one  of  wliich 
supports  a  cell  and  the  other  is  cell-less ;  in  this  case  the 
connective  has  been  called  by  Richard,  distractile.  Lacistema 
(Plate  IV.   fig.  7.)  affords  another  instance  of  a  divided  con- 
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nective.  In  many  of  the  cases  of  excessive  divergence  of  the 
cells  the  line  of  dehiscence  of  the  anther  is  changed  from  lon- 
gitudinal to  vertical  (Plate  III.  fig.  20. 17.),  and  has  actually 
been  supposed  to  be  really  transverse  ;  an  error  which  in  most 
cases  has  arisen  from  not  understanding  the  real  structure  of 
the  anther.  Some  anthers,  however,  no  doubt  have  cells  that 
burst  transversely,  as  Lemna,  Alchemilla  arvensis,  Securi- 
nega,  &c.     (See  Plate  III.  fig.  12.  16.  30.) 

All  anthers  are  not  two-celled,  their  internal  structure 
being  subject  to  several  modifications.  It  sometimes  happens 
that  the  septum,  instead  of  being  very  obscurely  formed,  pro- 
jects forward  into  the  cavity  of  the  anther,  till  it  meets  the 
inflexed  lips  of  the  fissure :  in  such  a  case  the  anther  is  spu- 
riously four-celled,  as  in  Tetratheca.  In  Epacris  the  two 
parallel  cells  become  confluent  into  one,  and  the  anther  is 
therefore  one-celled.  In  Maranta  and  Canna  only  one  cell 
is  produced,  the  other  being  entirely  suppressed.  In  most 
Amarantaceae,  and  some  other  plants,  the  anther  seems  to  be 
absolutely  one-celled.     (Plate  IV.  fig.  8.) 

Other  deviations  from  the  normal  form  of  anther  occur, 
which  are  less  easy  to  reconcile  with  the  idea  of  a  two-celled 
t}^e.  In  some  Laurineae  the  anther  is  divided  into  four  cells, 
one  placed  above  the  other  in  pairs ;  in  ^giceras  it  consists 
of  numerous  little  cavities ;  and  in  the  singular  genus  Rafflesia 
the  interior  is  separated  into  many  cellules  of  irregular  figure 
and  position,  described  by  Brown  as  "  somewhat  concentrical, 
longitudinal,  the  exterior  ones  becoming  connivent  towards 
the  apex,  sometimes  confluent,  and  occasionally  interrupted 
by  transverse  partitions."  In  these  instances  the  septa  may 
be  understood  to  arise  from  portions  of  the  cellular  tissue  of 
the  anther  remaining  unconverted  into  pollen. 

With  regard  to  the  deviation  from  the  usual  mode  of  de- 
hiscence. Brown  observes  {Linn.  Trans,  xiii.  214.),  "  that 
they  are  numerous :  in  some  cases  consisting  either  in  the 
aperture  being  confined  to  a  definite  portion,  —  generally  the 
upper  extremity  of  the  longitudinal  furrow,  —  as  in  Dillenia 
and  Solanum ;  in  the  apex  of  each  theca  being  produced 
beyond  the  receptacle  of  the  pollen  into  a  tube  opening  at 
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top,  as  in  several  Ericineae  (Plate  III.  fig.  22.) ;  or  in  the 
two  thecse  being  confluent  at  the  apex,  and  bursting  by  a 
common  foramen  or  tube,  as  in  Tetratheca  (See  Plate  IV. 
fio-.  4.).  In  other  cases  a  separation  of  determinate  portions 
of  the  membrane  takes  place,  either  the  whole  length  of  the 
theca,  as  in  Hamamelideae  and  Berberideae,  or  corresponding 
with  its  subdivisions,  as  in  several  Laurineas,  or  lastly,  having 
no  obvious  relation  to  internal  structure  as  in  certain  species 
of  Rhizophora.  In  Laurineae  and  Berberideae  the  anthers  are 
technically  said  to  burst  by  valves  (Plate  IV.  fig.  10,  11.), 
that  is  to  say,  the  dehiscence  does  not  take  place  by  a.  cen- 
tral Ime,  but  the  whole  face  of  the  cell  separates  from  the 
anther,  and  curls  backwards,  adhering  to  it  only  at  the  apex 
to  which  it  is,  as  it  were,  hinged. 

The  cells  of  the  anther  have  frequently  little  appendages, 
as  in  different  species  of  Erica,  when  they  resemble  setag, 
aristae,  or  crests.     (Plate  III.  fig.  29.) 

The  anthers  are  attached  to  the  filament  either  by  their 
base,  when  they  are  called  innate  (Plate  III.  fig.  27.  21.  23.), 
or  by  their  back,  when  they  are  adnate  (Plate  III.  fig.  13.), 
or  by  a  single  point  of  the  connective  from  which  they  lightly 
swing :  in  the  latter  case  they  are  said  to  be  versatile.  This 
form  is  common  to  all  true  Grasses. 

When  the  line  of  dehiscence  is  towards  the  pistil,  the 
anthers  are  called  by  Brown  anticce,  but  by  other  botanists 
introrsoB,  or  turned  inwards :  when  the  line  is  towards  the 
petals  they  are  said  by  Brown  to  be  posticoe^  and  by  other 
botanists  to  be  extrorsce,  or  turned  ouiwards. 

The  connective  is  usually  continuous  widi  the  filament, 
and  terminates  j  ust  at  the  apex  of  the  anther ;  but  in  some 
plants,  as  Compositae,  it  is  articulated  with  the  filament 
(Plate  IV.  fig.  5.).  In  others  it  is  lengthened  far  beyond  the 
apex  (Plate  IV.  fig.  6.  9.),  now  into  a  kind  of  crest,  as  in  many 
Scitamineae ;  now  into  a  sort  of  horn,  as  in  Asclepiadeae  ;  now 
into  a  kind  of  secreting  cup-like  body  articulated  with  the 
apex,  as  in  Adenostemon.  Very  frequently  it  is  enlarged  in 
various  ways.  For  cases  of  this  kind  see  Plates  III.  and  IV. 
Its  being  sometimes  two-lobed,  or  forked,  has  been  already 
noticed   (Plate  IV.   fig.  7.).     The  lining  of  the  anther  has 
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received  particular  illustration  from  Purkinje,  who  calls  it 
endothecium,  and  who  has  found  that  it  consists  of  that  very 
remarkable  kind  of  tissue  which  has  been  already  described 
under  the  name  of  fibro-cellular.  According  to  that  bo- 
tanist the  forms  of  this  tissue  are  extremely  vai'iable,  the 
bladders  being  sometimes  oblong,  sometimes  round,  frequently 
cylindrical,  usually  fully  developed,  or,  in  some  cases,  merely 
rudimentary;  the  bladders  are  in  some  species  erect,  in  others 
decumbent ;  but  in  all  cases  more  or  less  fibrous.  (See  Plate  I. 
figs.  4.  13,  14,  15.  18,  19,  20.)  For  an  elaborate  treatise  on 
the  aubject  see  Joh.  Ev.  Purkinje  de  Cellulis  Antherarum 
Fibrosis.  Vratislaviae,  1830.  4to,  with  18  plates. 

The  pollen  is  the  pidverulent  substance  which  fills  the  cells 
of  the  anthers  :  it  consists  of  a  multitude  of  little  srrains, 
most  commonly  called  (/ranules,  or  sometimes  utricidi. 

Gleichen  considered  pollen  to  take  its  origin  in  the  midst 
of  a  mucilaguious  maSs,  occupying  the  cells  of  the  anther,  and 
merely  becoming  indurated  and  solidified  towards  maturity. 
Brown,  in  the  year  1820,  without  entering  into  any  details  on 
the  subject,  described  it  {Linn.  Trans,  xiii.  211.)  as  produced 
on  the  sm-face  or  in  the  cells  of  a  pulpy  substance  with  which 
the  thecae  are  filled.  But  this  hypothesis  is  objected  to  by 
link  {Elem.  294.).  Guillemin  {Recherches  p.  5.)  declares  that 
the  granules  are  always  arranged  in  regular  rows,  and  gene- 
rally in  the  direction  of  the  valves,  and  that  they  are  always 
distinct,  at  first  floating  in  a  viscid  liquid,  but  finally  quite 
separate  from  it.  Adolphe  Brongniart  concludes,  from  a 
series  of  very  interesting  observations,  "  that  the  pollen  is 
formed  in  the  interior  of  the  cells  of  a  single  and  distinct 
cellular  mass,  which  fills  each  cavity  of  the  anther  without  ad- 
hering to  its  w^alls,  and  consequently  without  being  a  continu- 
ation of  the  parenchym_a  of  that  organ,  from  which  it  also 
differs  in  the  size  and  form  of  the  cells  that  compose  it ;  that 
sometimes  these  cells,  which  are  at  first  in  close  cohesion,  se- 
parate from  each  other,  when  each  becomes  a  grain  of  pollen  ; 
and  that  sometimes  the  cells  contain  an  uncertain  number  of 
grains  of  pollen,  w^hich,  at  the  time  of  their  perfect  developement, 
rupture  and  almost  entirely  destroy  dieir  membrane,  some 
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remains  of  which  may  occasionally  be  found  among  the  gi-ains 
of  pollen. 

In  1831,  Brown  speaks  thus  of  the  evolution  of  the  pollen 
of  Tradescantia  virginica.  "  In  the  very  early  stage  of  the 
flower  bud,  while  the  anthers  are  yet  colourless,  their  loculi 
are  filled  with  minute  lenticular  gi'ains,  having  a  transparent 
flat  limb,  with  a  slightly  convex  and  minutely  granular  semi- 
opake  disk.  This  disk  is  the  nucleus  of  the  cell,  which  pro- 
bably loses  its  membrane  or  limb,  and,  gradually  enlarging, 
forms  in  the  next  stage  a  grain  also  lenticular,  and  which  is 
marked  either  with  only  one  transparent  line,  dividing  it  into 
two  equal  parts,  or  with  two  lines  crossing  at  right  angles,  and 
dividing  it  into  four  equal  parts.  In  each  of  the  quadrants  a 
small  nucleus  is  visible :  and  even  where  one  transparent  line 
only  is  distinguishable,  two  nuclei  may  often  be  found  in  each 
semicircular  division.  These  nuclei  may  be  readily  extracted 
from  the  containing  grain  by  pressure,  and,  after  separation, 
retain  their  original  form.  In  the  next  stage  examined,  the 
greater  number  of  grains  consisted  of  the  semicircular  di- 
visions already  noticed,  which  had  naturally  separated,  and 
now  contained  only  one  nucleus,  which  had  greatly  increased 
in  size.  In  the  succeeding  state  the  grain  apparently  con- 
sisted of  the  nucleus  of  the  former  stage,  considerably  enlarged, 
having  a  regular  oval  form,  a  somewhat  granular  surface,  and 
originally  a  small  nucleus.  This  oval  grain  continuing  to  in- 
crease in  size,  and  in  tVie  thickness  and  opacity  of  its  mem- 
brane, acquires  a  pale  yellow  colour,  and  is  now  the  perfect 
grain  of  pollen."     {On  Orchid,  and  Asclep.  p.  21.) 

There  are  no  observations,  however,  upon  this  subject  which 
can  be  compared  to  those  of  Mirbel  for  clearness  of  descrip- 
tion, elaborate  detail,  and  beautiful  illustration.  By  beginning 
his  enquiry  at  the  very  earliest  period,  when  the  organisation 
of  the  anther  can  be  discovered,  he  has  been  enabled  to  ex- 
plain what  was  before  obscure,  and  to  correct  what  has  been 
either  inaccurately  or  imperfectly  described.  In  1832,  he 
examined  the  developement  of  pollen  in  the  anther  of  a 
Gourd.  He  states  that  "  when  the  flower  bud  of  this  plant 
is  about  a  line  in  length,  each  lobe  of  the  anther  is  entirely 
composed  of  cellular  tissue,  the  bladders  of  which  present  in 
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general  a  pentagonal  or  hexagonal  figure  more  or  less  regular 
when  cut  across.     In  every  cell,  without  excepting  even  those 
which  constitute  the  superficial  layer  of  the  lobe,  ai'e  certain 
loose  particles,  of  such  extreme  minuteness  that  a  magnifying 
power  of  500  or  600  diameters  is  required  to  examine  them  sa- 
tisfactoril}^      I  cannot  compare  them  to  anything  better  than 
to  little  transparent  bladders,  nearly  colourless,  more  or  less 
rounded,  and  of  an  equal  size.      I  examined  the  cells  of  the 
lobe  of  the  anther  one  by  one ;  and  I  affirm  that,  at  this  early 
period,  there  is  no  trace  of  either  the  cells  of  the  anther  or  of 
the  grains  of  pollen.     The  whole   of  the  tissue  is  perfectly 
uniform.     In  a  flowerbud,  but  little  larger  than  the  first,  I  re- 
marked on  each  side  of  the  medial  line  of  the  slice  a  group, 
consisting  of  a  few  bladders,  which  were  rather  larger  than 
the  others,  but  otherwise  like  them.     These  larger  bladders  I 
propose  to  call  jjollen-cells,  seeing  that  it  is  in  their  inside  that 
the  pollen  is  organised.      In  flowerbuds,  from   H  to  2  lines 
in  length,  some  remarkable  changes  were  observable.     The 
pollen-cells  had  become  larger  ;  their  granules  were  so  much 
multiplied   that  they  were  grouped  and  packed  in  opaque 
masses,  and  wholly  filled  the  cells.     These  cells  and  granules 
together  constituted  a  greyish  body,  joined  to  the  rest  of  the 
tissue  by  the  intervention  of  a  cellular  membrane, — a  sort  of 
integument  which,  notwithstanding  its  organic  continuity  with 
the  surrounding  parts,  was  readily  distinguishable ;  for  while 
the  bladders  of  the  surrounding  parts  lengthened  parallel  to 
the  plane  of  the  surface,  and  to  the  plane  of  the  base  of  the 
anther ;  those  of  the  integument  lengthened  from  the  centre 
to  the  circumference.     In  anthers  a  little  further  advanced, 
the  sides  of  the  pollen  cells,  instead  of  being  thin  and  dry  as 
they  had  previously  been,  acquired  a  notable  thickness,  and 
their  substance,   gorged  with  fluid,   resembled  a  colourless 
jelly.     The  cellular  integument  continued  to  adhere  by  its 
outer  face  to  the  lining  of  the  cell  of  the  anther,  and  by  its 
inner  face  to  the  tissue  formed  by  the  pollen  cells.     Three  and 
a  half  or  four  lines  of  length  in  the  flower-bud  corresponded 
with  a  phenomenon  altogether   unexpected.      At   first  the 
thick  and  succulent  wall  of  each  pollen  cell  dilated,  so  as  to 
leave  a  void  between  its  inner  face  and  the  granules,  not  one 
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of  which  sepai'ated  from  the  mass,  which  proved  that  a  force 
of  some  kind  held  them  together.  Shortly  after  four  append- 
ages, like  knife  blades,  developed  at  equal  distances  on  the 
inner  face  of  the  pollen  cell,  and  gradually  directed  their  edge 
towards  the  centre,  so  that  they  began  by  cleaving  the  granu- 
lar mass  in  four  different  lines,  and  finished  by  dividing  it 
into  four  little  triangular  masses ;  and  when  the  appendages 
met  in  the  centre  they  grew  together,  and  divided  the  cavity 
of  the  pollen  cell  into  four  distinct  cavities,  which  soon 
after  rounded  oif  their  angles,  and  in  a  short  time  the  little 
granular  masses  became  spherical,  like  melted  lead  run  into 
the  hollow  of  a  bullet-mould.  The  partition  of  the  mass  thus 
brought  about  by  the  appendages  seems  to  me  to  indicate  that  at 
this  period  the  mass  was  not  protected  by  a  special  integument, 
and  that  the  mutual  adhesion  of  the  granules  was  very  weak. 

"  When  things  had  arrived  at  this  point,  the  portion  of  the 
tissue  formed  by  the  pollen  cells  separated  itself  from  the 
surrounding  parts,  and  each  pollen  cell  became  loose,  gene- 
rally in  the  form  of  a  square  parallelopiped  with  rounded 
angles;  each  little  mass  of  granules  gained  a  smooth,  colourless, 
transparent  membrane,  which  was  at  first  membranous  but 
afterwards  became  thick  and  succulent,  and  soon  began  to 
take  on  the  characters  peculiar  to  the  pollen  of  the  gourd. 
The  integument  began  to  bristle  with  fine  conical  papillae ; 
several  roundish  lids  were  traced  out  here  and  there  on  its 
surface ;  it  hardened,  became  opaque,  assumed  a  yellow  colour, 
ceased  to  grow,  and  attained  its  perfect  maturity."  Mirbel 
adds  to  this  highly  interesting  statement,  that  he  finds  in  the 
generality  of  plants  that  the  mode  of  forming  the  pollen  is 
much  the  same  as  in  the  Gourd. 

The  granules  of  pollen  are  commonly  distinct  from  each 
other.  They  are,  nevertheless,  in  certain  cases,  found  in 
various  states  of  cohesion.  In  some  plants  they  cohere  in 
threes  or  fours,  as  in  many  Orchideae ;  or  in  clusters  of  many 
grains,  as  in  Acacia  (Plate  IV^  fig.  28.).  In  some,  as  the 
Fuchsia,  CEnothera,  &c.,  they  hang  together  by  a  sort  of 
cobweb  substance,  which  is  the  remains  of  the  cellular  matter 
in  which  they  were  engendered.  In  other  cases  they  coalesce 
in  masses,  having  a  waxy  textvire  and  colour,  and  occupying 


CHAP.  11.  POLLEN.  155 

the  whole  cavity  of  a  cell  of  the  anther,  as  in  Asclepiadese. 
But  the  most  curious  instances  of  the  cohesion  of  the  grains 
of  pollen  is  to  be  found  in  Orchideae ;  in  which  some  genera 
have  the  pollen  in  its  common  pulverulent  state,  with  no 
remains  of  the  cellular  substance  in  which  it  was  developed ; 
others  have  the  granules  held  together  by  some  of  the  cellular 
substance  in  an  elastic  state,  and  forming  a  distinct  appendage 
to  the  pollen  called  the  caudicula;  while  othei's  have  the  grains 
united  either  by  threes  or  fours,  or  in  wedge-shaped  masses, 
or  in  a  hard,  dry,  solid  body.  It  appears  from  Mr.  Fran- 
cis Bauer's  observations,  that  the  masses  of  pollen  of  both 
Asclepiadeae  and  Orchideae,  in  the  most  solid  state  are  really 
cellular,  the  grains  of  pollen  being  contained  in  cavities,  the 
walls  of  which  are  either  separable  from  each  other  as  in  some 
Orchideae,  or  are  ruptured  without  a  separation  of  the  cavities 
as  in  Asciepiadeae.  {See  the  Observations  on  Orchidece  and 
Asclepiadece  before  referred  to.)  And  this  is  quite  in  con- 
formity with  Mirbel's  account  of  the  origin  of  the  pollen  in 
the  Gourd. 

The  granules  are  generally  discharged  at  once,  upon  the 
dehiscence  of  the  anther,  or  at  least  are  at  that  time  wholly 
formed.  But  in  some  Aroideae,  which  emit  their  pollen  by  a 
hole  in  the  apex  of  their  anther,  the  fomiation  or  develope- 
ment  of  pollen  must  be  going  on  for  a  considerable  time  after 
the  first  emission.  A  single  anther  continues  to  secrete  and 
discharge  pollen,  till,  as  Brown  remarks,  the  whole  quan- 
tity produced  greatly  exceeds  the  size  of  the  secreting  organ. 

The  surface  of  the  pollen  is  commonly  smooth.  In  some 
plants  it  is  hispid,  as  in  the  Gourd  and  Ipomaea  purpurea ;  in 
others  it  is  covered  with  strong  points,  as  Hibiscus  syriacus  ; 
and  in  all  cases,  when  there  are  asperites  of  the  surface  or 
angles  in  its  outline,  it  is  asserted  by  Guillemin  to  have  a 
mucous  surface,  which  was  first  observed  in  Proteaceas  by 
Brown. 

The  figure  of  the  granules  is  various  ;  most  frequently  it  is 
spherical  or  slightly  oblong.  Many  other  forms  have,  how- 
ever, been  described.  The  cylindrical  exists  in  Anethuni 
segetura,  and  in  a  very  remarkable  degree  in  Tradescantia 
virginica,  where  the  grains  become  curved.  In  Colutea  arbor- 
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escens,  they  were  observed  by  Guillemin  to  be  nearly  square ; 
in  Lavatera  aeerifolia  to  be  oval,  much  attenuated  to  each  end. 
In  Qilnothera  they  are  triangular,  with  the  angles  so  much 
dilated  as  to  give  the  sides  a  curved  form.  In  Jacaranda 
tomentosa  I  have  remarked  them  to  be  spherical,  with  three 
projecting  ribs  tapering  to  either  apex.  In  the  Cichoraceae  of 
Jussieu  the  granules  are  spherical  with  facettes ;  in  Dipsaceae 
they  are  a  depressed  polyedron ;  in  Scabiosa  caucasica  patelli- 
form  and  angular.  (For  other  modifications  see  Plate  IV. 
fig.  12.  to  37.) 

Little  lids  are  perceptible  in  some  kinds,  opening  to  admit 
of  the  passage  of  pollen  tubes.  Fritzche  describes  one  in 
Grasses,  two  in  the  Nettle,  four  in  the  Orange,  and  six  in  the 
Primrose.     Purkinje  remarked  three  in  the  Passion  Flower. 

In  most  spherical  or  elliptical  pollen,  with  a  smooth  surface, 
a  line  is  observable  along  the  axes  of  the  granules,  when  they 
are  dry,  which  disappears  upon  the  application  of  moisture. 
This  was  long  ago  remarked  by  Malpighi,  who  compared 
granules  of  pollen  of  this  kind  to  grains  of  wheat,  one  side  of 
which  is  convex  and  the  other  furrowed.  Guillemin  is  of 
opinion  that  this  supposed  furrow  exists  on  both  sides  of  a 
grain  of  pollen,  because,  let  there  be  never  so  many  of  this 
description  examined  at  the  same  instant,  the  appearance  will 
be  visible  in  all.  But  it  is  probable  that  the  strong  trans- 
mitted light  which  is  used  in  microscopical  examinations  of 
minute  objects  would  render  the  furrow  visible  on  both  sides 
of  a  grain,  although  it  really  existed  only  on  one. 

As  to  the  nature  of  this  supposed  furrow,  nothing  positive 
is  known.  Guillemin  supposes  it  to  be  a  slit  intended  to 
facilitate  the  admission  of  water  into  the  interior  of  the  gra- 
nules and  the  emission  of  their  fovilla,  and  he  further  com- 
pares it  to  the  line  of  dehiscence  of  each  lobe  of  the  anther. 

Fritzche  states  it  to  be  a  thin  part  of  the  membrane,  where 
the  sides  of  the  pollen  grain  are  contracted  and  meet,  pro- 
ducing the  appearance  of  a  furrow. 

Many  botanists  are  of  opinion  that  the  coat  of  the  pollen  is 
a  simple  cellular  substance ;  others  think  it  a  solid  membrane ; 
and  a  third  class  of  writers  insist  upon  its  consisting  of  two 
integuments,   the  outer  of  which  is  cellular,  the  inner  mem- 
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branous  and  extensible:  the  last  of  these  opinions  is  enter- 
tained by  Adolphe  Brongniart  and  Amici.     Brown  says  that 
the   existence  of  an  inner  membrane  is  manifest  in  several 
Coniferse,  in  which  the  outer  coat  regularly  bursts  and  is 
deciduous;    and  further,  he  considers   that  the  structure    in 
Asclepiadese,  as  discovered  by  Mr.  Francis  Bauer,  furnishes 
the  strongest  argument  in  support  of  the  opinion  of  the  exist- 
ence of  two  membranes.     In  parts  of  such  extreme  minute- 
ness and  delicacy  of  structure,  a  point  of  this  kind  cannot  be 
determined  by  sections ;  for  the  sharpest  knives  in  the  most 
skilful  hands  will  only  crush  the  grain  of  pollen  into  a  shape- 
less   mass.      The  evidence  of  the   existence  of  an   internal 
membrane  is   derived  from  the  appearance  of  a  thin  trans- 
parent coating  round  the  fovilla  when  it  is  emitted  upon  the 
stigma,  and  which  is  sometimes  extended  to  a  considerable 
length.      Its    existence     having   been     called    in    question, 
Adolphe  Brongniart  was  induced,  in  his  examination  of  the 
anther,  to  pay  particular  attention  to  the  circumstance ;  and 
he  declares  that,  «  in  all  the  pollen  that  he  has  examined  with 
care,  after  it  had  been  a  greater  or  less  space  of  time  upon 
the  stigma,  he  has  found  a  tubular  appendage,  of  variable 
length,  formed  of  an   extremely  thin  and  transparent  mem- 
brane, which  evidently  proceeded  from  the  interior  of  the 
grain  of  pollen,   either  through  an  accidental  opening,    or 
through  a  special  passage  formed  in  the  external  membrane." 
(See   Plate  IV.  figs.  34.  to  38.)     He  calls  this  pollen  tube 
the  hoyau  or  intestine.     Notwithstanding  the  precise  manner 
in  which  this  is  stated,  it  has  nevertheless  been  doubted  by 
some  whether  the  boyau  or  pollen-tube  is  any  thing  more  than 
mucus  surrounding  the   fovilla    when   emitted.      Brown,  in 
1828,  declared  his  diiference  in  opinion  from   Brongniart  as 
to  the  existence  of  a  membrane  forming  the  coat  of  the  pollen- 
tube;  but,  in  1831,  he  states,  in  another  place,  that  several 
arguments  may  be  adduced  in  favour  of  Brongniart's  opinion 
that  the  pollen-tubes  belong  to  the  inner  membrane  of  the 
grain ;  and  he  particularly  cites  the  structure  in  Asclepiadese 
as  favourable  to  the  opinion.     Fritzche   confirms  the  state- 
ment that  two  coats  are  actually  present,  and  asserts  that  the 
only  exceptions  he  has   discerned  are  in  plants  that  flower 
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under  water,  in  which  the  coating  is  certainly  simple.  That 
the  pollen-tube  itself  has  not  been  found  by  some  observers, 
has  probably  arisen  from  its  having  been  looked  for  in  pollen 
made  to  burst  on  the  field  of  the  microscope,  immersed  in 
water,  when  the  pollen-tube  is  scarcely  ever  emitted.  The 
vital  action  that  causes  the  emission  seems  to  depend  upon 
contact  with  the  secretion  of  the  stigmatic  surface.  The 
pollen-tube  is,  therefore,  only  to  be  sought  in  pollen  that 
lias   been  some  time  upon  the  stigma. 

The  colour  of  pollen  is  chiefly  yellow.  In  Epilobium  an- 
gustifolium  it  is  blue,  in  Verbascum  it  is  red,  and  it  occa- 
sionally assumes  almost  every  other  colour,  except  green. 
According  to  Fourcroy  and  Vauquelin,  the  pollen  of  the  Date 
tree  consists  of  malic  acid,  phosphate  of  magnesia  and  lime, 
and  also  of  an  insoluble  animal  matter  intermediate  between 
gluten  and  albumen.  Macaire  Prinsep  has  ascertained  that 
the  pollen  of  the  Cedar  contains  malate  of  potass,  sulphate  of 
potass,  phosphate  of  lime,  silica,  sugar,  gum,  yellow  resin,  and 
a  substance  which,  by  its  characters,  approximated  to  starch. 
Being  analysed  as  a  whole,  it  gave,  per  cent.,  40  carbon, 
11  "7  hydrogen,  and  48*3  oxygen,  but  no  nitrogen. — Bill. 
Univers.  1830.  45. 

The  matter  contained  in  the  granules  is  called  the  fovilla. 
Under  common  magnifiers  it  appears  like  a  turbid  fluid; 
imder  glasses  of  greater  power  it  has  been  found  to  consist  of 
a  multitude  of  particles  moving  on  their  axes  with  activity,  of 
such  excessive  minuteness  as  to  be  invisible,  unless  viewed 
with  a  magnifying  power  equal  to  300  diameters,  and  mea- 
suring from  the  4000th  or  5000th  to  the  20,000th  or  30,000th 
of  an  inch  in  length.  This  motion  was  first  distinctly  noticed  by 
Gleichen ;  but  it  seems  to  have  escaped  the  recollection  of 
succeeding  botanists  until  the  fact  was  confirmed  by  Amici, 
who  some  time  before  1824  saw  and  described  a  distinct, 
active,  molecular  motion  in  the  pollen  of  Portulaca  oleracea. 
In  1825  the  existence  of  this  motion  was  confirmed  by  Guille- 
min,  who  ascertained  its  presence  in  other  species.  In  June 
1827  I  was  shown  the  motion  by  Dr.  Brown,  who  subse- 
quently published  some  valuable  observations  upon  the  subject, 
without  however  noticing  those  of  either  Amici  or  Guillemin. 
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The  most  important  addition  that  was  made  by  Brown  to  the 
knowledge  that  previously  existed,  consisted  in  the  discovery 
of  the  presence  of  two  kinds  of  active  particles  in  pollen,  of 
which  one  is  spheroidal,  extremely  minute,  and  not  distin- 
guishable from  the  moving  ultimate  organic  molecules  com- 
mon to  all  parts  of  a  vegetable,  the  other  much  larger,  often 
oblong,  and  unlike  any  other  kind  of  particle  hitherto  detected 
in  plants. 

The  supposed  functions  of  these  particles  will  be  explained 
hereafter.  For  the  present  it  will  be  sufficient  to  remark, 
that  some  of  the  best  subjects  in  which  to  witness  their  mo- 
tions are  Clarkia  pulchella,  Mirabilis  jalapa,  and  Lolium 
perenne. 

For  the  fullest  information  concerning  the  nature  of  pollen, 
the  student  should  consult  Fritzche  de  jjlantarum  polline 
Berolini,  1833.  This  ingenious  observer  found  that  several 
modes  of  examining  pollen  are  preferable  to  those  usually  em- 
ployed. In  particular  he  recominends  the  employment  of 
sulphuric  acid  in  the  proportion  of  two  parts  of  concentrated 
acid  to  three  parts  of  water,  for  the  purpose  of  viewing  the 
pollen  by  transmitted  light ;  by  this  means  it  is  rendered 
transparent,  and  the  spontaneous  emission  of  pollen  tubes  is 
effected.  In  cases  of  very  opaque  pollen  he  employs  oil  instead 
of  dilute  acid,  and  he  finds  it  renders  an  object  more  trans- 
parent than  the  acid  itself;  and  in  other  instances,  where  the 
coat  of  the  pollen  is  either  too  much  or  too  little  transparent 
to  show  the  apertures  in  its  sides,  he  finds  a  solution  of  Iodine 
in  weak  spirits  of  wine  extremely  useful. 

The  stamen  deviates  in  a  greater  degree  than  any  other 
organ  from  the  structure  of  the  leaf,  from  a  modification  of 
which  it  is  produced;  and,  at  first  sight,  in  many  cases,  it 
appears  impossible  to  discover  any  analogy  between  the  type 
and  its  modification ;  as,  for  instance,  between  the  stamen  and 
leaf  of  a  Rose.  Nevertheless,  if  we  watch  the  transitions  that 
take  place  between  the  several  organs  in  certain  species,  what 
was  before  mysterious  or  even  inscrutable  becomes  clear  and 
intelligible.  In  Nymphsea  alba  the  petals  so  gradually  change 
into  stamens,  that  the  process  may  be  distinctly  seen  to  depend 
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upon  a  contraction  of  the  lower  half  of  a  petal  into  the  fila- 
ment, and  by  a  development  of  yellow  matter  within  the  sub- 
stance of  the  upper  end  of  the  same  petal  on  each  side  into 
pollen.     A  similar  kind  of  passage  from  petals  to  stamens 
may    be    found    in    Calycanthus,  Illicium,  and  many  other 
plants.     Now,  as  no  one  can  doubt  that  a  petal  is  a  modified 
leaf,  it  will  necessarily  follow,  from  what  has  been  stated,  that 
a  stamen  is  one  also.     But  it  is  not  from  parts  in  their  nor- 
mal state  that  the  best  ideas  of  the  real  nature  of  the  stamen 
may  be  formed ;  it  is  rather  by  parts  in  a  monstrous  state, 
when  reverting  to   the  form  of  that  organ  from  which  they 
were  transformed,  that  we  can   most  correctly  judge  of  the 
exact  nature  of  the  modification.  Take  for  example  that  well- 
known  double  Rose,   called  by  the  French  R.  CEillet.     In 
that  very  remarkable  variety,  the  claw  of  the   petals   may 
at  all  times  be  found  in  every  degree  of  gradation  from  its 
common  state  to  that  of  a  filament,  and  the  limb  sometimes 
almost  of  its  usual  degree   of  development,  —  sometimes  con- 
tracting into  a  lobe  of  the  anther  on  one  side,  or  perhaps  on 
both  sides,  — now  having  the  part  that  assumes  the  character  of 
the  anther  merely  yellow,  —  now  polliniferous,  —  and  finally 
acquiring,    in    many  instances,  all  the  characters  of  an  un- 
doubted though  somew^iat  distorted  stamen.     Double  Paeo- 
nies,    Double    Tulips,    and   many  other  monstrous   flowers, 
particularly    of   an    icosandrous    or    polyandrous    structure, 
afford  equally  instructive  specimens.     It  is  for  these  reasons 
that  it  is  stated  in  the  Outlines  of  the  first  Principles  of  Bo- 
tany, 307.,  that  "  the  anther  is  a  modification  of  the  lamina, 
and  the  filament  of  the  petiole."  * 

Such  is  the  structure  of  the  stamens  in  their  perfect  state. 
It  often,  however,  happens  that,  owing  to  causes  with  wliich 
we  are  unacquainted,  some  of  the  stamens  are  developed 
imperfectly,  widiout  the  anther  and  pollen.     In  such  cases 

*  Af^ardh  considers  a  stamen  to  be  composed  of  two  leaves  in  a  state  of 
adhesion;  and  that  it  is  in  tact  a  bud  axillary  to  a  sepal  or  petal.  This 
is  very  nearly  the  opinion  formerly  entertained  by  Wolff.  Endlicher 
adopts  this  view  to  a  certain  extent;  and  supposes  the  leaves  to  be 
rolled  backwards,  so  that  their  under  sm-foce  becomes  the  polliniferous 
part.  But  all  this  is  mere  hypothesis,  unsupported  by  a  tittle  of  evidence, 
and  in  opposition  to  the  direct  observations  of  Mirbel. 
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they  are  called  sterile  stamens,  and  are  frequently  only  to  be 
recognised  by  the  position  they  bear  with  respect  to  the  other 
parts  of  the  flower.     Botanists  consider  every  appendage,  or 
process,  or  organ,  that  forms  part  of  the  same  series  of  organs 
as  the  true  stamens,  or  that  originates  between  them  and  the 
pistil,  as  stamens,  or  as  belonging  to  what  Roper  calls  the 
androeceum,  namely,  to  the  male  system  ;    and  every  thintr  on 
the  outside  of  the  fertile  stamens  is   in  like  manner  usually 
referred  to  modifications  of  petals,  a  remarkable  instance  of 
which  is  exhibited  by  Passiflora.     The  appearances  assumed 
by  these  sterile  stamens  are  often  exceedingly  curious,  and 
generally  extremely  unlike  those  of  the  fertile  stamens;    thus 
in  Canna  they  are  exactly  like  the  petals  ;  in  Hamamelis  they 
are  oblong  fleshy  bodies,  alternating  with  the  fertile  stamens ; 
in  Pentapetes  they  are   filiform,  and  placed   between  every 
three  fertile  ones ;  in  Scitaminea^  they  are  minute  gland-like 
corpuscles,  a  very  common  form    (Plate  IV.   fig.  10.  c) ;  in 
Brodiaja  they  are  bifid  petaioid  scales ;  and  in  Asclepiadeffi 
they  undergo  yet  more  remarkable  transformations.     Dunal 
calls  these  sterile  stamens  lepals  {lepala) ;  a  term  which  has  not 
yet  been  adopted. 

9.     Of  the  Disk. 

By  this  term  are  meant  certain  bodies  or  projections,  situ- 
ated between  the  base  of  the  stamens  and  the  base  of  the 
ovary,  but  forming  part  with  neither ;  they  are  referred  by 
the  school  of  Linnaeus,  along  with  other  things,  to  nectarium  : 
Link  calls  them  sarcoma  and  perigynium  ;  and  Turpin,  phy- 
costemones.  The  most  common  form  is  that  of  a  fleshy  ring, 
either  entire  or  variously  lobed,  surrounding  the  base  of  the 
ovary  (Plate  V.  fig.  4.  e,  8.  d),  as  in  Lamium,  Cobtea,  Gra- 
tiola,  Orobanche,  &c. ;  in  Gesnerieae  and  Proteaceje  the  disk 
consists  of  fleshy  bodies  of  a  conical  figure,  which  are 
usually  called  glanduU  hypogijnce.  It  occasionally  assumes 
the  appearance  of  a  cup,  named  by  De  Candolle  in  Pseonias 
and  Aconites  lepisma,  a  bad  term,  for  which  it  is  better  to  say 
discus  cyathiformis.  In  flowers  with  an  inferior  ovary  (Plate  5. 
fig.  9.  c,  7.  c)  the  disk  necessarily  ceases  to  be  hj-pogynous,  and 
generally  also  to  appear  in  the  form  of  scales.  *  In^Composit* 
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it  is  a  fleshy  solid  body,  interposed  between  the  top  of  the 
ovary  and  the  base  of  the  style ;  and  has  given  rise,  when 
much  enlarged,  to  the  unfounded  belief  in  the  existence  of 
a  superior  ovary  in  that  order,  as  in  Tarchonanthus.  In  Um- 
belliferse  it  is  dilated  and  covers  the  whole  summit  of  the 
ovary,  adhering  firmly  to  the  base  of  the  styles ;  by  Hoffiiian 
it  is  then  called  styloiwdinm,  a  word  which  is  seldom  used. 

It  is  an  opinion  that  daily  gains  ground,  that  the  disk  is 
really  only  a  rudimentary  state  of  the  stamens;  and  it  is 
thought  that  proofs  of  the  correctness  of  this  hypothesis  are 
to  be  found  in  the  frequent  separation  of  the  cyathiform  disk 
into  bodies  alternating  with  the  true  stamens,  as  in  Gesnei'ia ; 
in  its  resemblance  in  Parnassia  to  bundles  of  polyadelphous 
stamens;  and  particularly  in  the  fact  noticed  by  Brown, 
that  an  anther  is  occasionally  produced  upon  the  higlily 
developed  disk  of  P^eonia  Moutan.  To  which  may  be  added 
the  observation  of  Dunal,  that  half  the  disk  of  Cistus  vagi- 
natus    occasionally  turns  into  stamens.     [Considerations,  &c. 

p.  44.) 

Like  the  petals,  sepals,  and  stamens,  the  disk  always  ori- 
ginates from  below  the  pistil;  but  it  often  contracts  an 
adhesion  with  the  sides  of  the  calyx,  when  it  becomes  perigij-^ 
nous,  as  in  Amygdalus;  or  with  both  the  calyx  and  the  sides  of 
an  inferior  ovary,  when  it  becomes  epigynom,  as  in  umbel- 
liferous plants. 

10.  Of  the  Pistil. 
The  last  organ  to  enumerate  in  the  flower  is  that  which 
constitutes  the  female  system,  or  gyncccenm  of  Roper,  and 
which  is  usually  called  the  pistil.  In  all  cases  it  occupies  the 
centre  of  the  flower,  terminating  the  axis  of  growth  of  the 
peduncle ;  and  is  consequently  the  part  around  which  every 
other  organ,  without  exception,  is  arranged. 

It   is    distinguished    into    three    parts;    viz.    the    ovary 
(Plate  V.  fig.  7.  «),  the  style  (fig.  7./),  and  the  stigma  (fig. 

7.^). 

The  ovary,  called   germen   by   Linnaeus,  is  a  hollow  case 

placed  at  the  base  of  the  pistil,  enclosing  the  ovules,  and  often 

containing  two  or  more  cells  or  cavities.     It  is  the  part  which 
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ultimately  becomes  the  fruit ;  and  consequently,  whatever  may 
be  the  structure  of  the  ovary,  such  must  necessarily  be  that  of 
the  fruit :  allowance  being  made,  as  will  hereafter  be  ex- 
plained, for  changes  that  may  occur  during  the  progress  of  the 
ovary  to  maturity. 

Notwithstanding  what  has  been  stated  of  the  pistil  con- 
stantly occupying  the  centre  of  the  flower,  and  being  the  part 
around  which  all  the  other  parts  are  arranged,  an  apparent 
exception  exists  in  those  flowers  the  calyx  of  which  is  said  to 
be  superior  (Plate  V.  fig.  7.  &  9.),  as  the  Apple  blossom.     In 
this   instance   the  ovary  seems   to  originate  below  the  calyx, 
corolla,  and  male  system ;  on  which  account  it  is  said  to  be 
inferior  in  such  cases,  while  in  the  opposite  state  it  is  called 
superior.     But  in  reality,  the  inferior  ovary  is  only  so  in  con- 
sequence of  the  tube  of  the  calyx  contracting  an  adhesion  with 
its  sides  ;  and  such  being  the  case,  the  exactness  of  the  descrip- 
tion of  the  constant  place  of  the  pistillum  as  above  is  unshaken. 
This  is  proved  in  many  ways.     In    Saxifrageae,  the  genus 
Leiogyne  has  the  ovary  superior;    in    Saxifraga   itself  the 
calyx  partially  adheres  to  the  sides  of  the  ovary,  which  then 
becomes  half  inferior,   while   in   Chrysosplenium  the  union 
between  the  calyx  and  ovary  is  complete,  and   the  latter  is 
wholly  inferior.     Again,  in   Pomaceae,  the  ovaries  partially 
cohere  with  the  calyx  in  Photinia,  completely  in  Pyrus,  and 
by  their  backs  only  in  Cotoneaster ;  whence  the  ovary  is  half 
superior  in  the  first  instance,  quite  inferior  in  the  second,  and 
what  is  csiWeA  parietal  in  the  third.     Botanists  call  any  thing 
parietal  wliich  arises  from  the  inner  lining  or  wall  of  an  oro-an; 
thus  in   Cotoneaster  the  ovaries  are  parietal,  because    they 
adhere  to   the  inner  lining  of  the  calyx,  and  in  Papaver  the 
placentae  are  parietal   because   they  originate  in   the   inner 
lining  of  the  fruit. 

Sometimes  the  ovary,  instead  of  being  sessile,  as  is  usually 
the  case,  is  seated  upon  a  long  stalk ;  as  in  the  Passion  flower 
and  the  genus  Cleome.  This  stalk  is  often  called  the  theca- 
phore  or  rjynophore  (also  hasicjijnium  or  podocjynium) ;  but  it  is 
obviously  analogous  to  the  petiole  of  a  leaf,  and  the  applica- 
tion of  a  special  term  to  it  appears  unnecessary.  Cassini  calls 
the  elongated  apex  of  the  ovary  of  some  Composit£e  le  plateau. 
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That  part  of  the  ovary  from  which  the  ovules  arise  is  called 
Xhe placenta  ( Trophospermium,  Richard ;  Spermaphorum,  Colum, 
Receptacle  of  the  Seeds.)  It  generally  occupies  the  whole  or  a 
portion  of  one  angle  of  each  cell  (Plate  V.  fig.  1.  e,  2.  c,  &c.), 
and  will  be  spoken  of  more  particularly  hereafter.  It  is 
sometimes  elongated  in  the  form  of  a  little  cord,  as  in  the 
Hazel  nut,  and  many  Cruciferae  :  it  is  then  called  the  umbi- 
lical cord  {funiculus  umbilicalis,  p)odospermium) . 

The    swelling   of  the    ovary    after  fertilisation    is    termed 

grossificatien. 

The  style  {tuba  of  old  authors)   is  that  elongation  of  the 
ovary  which  supports  the  stigma  (Plate  V.  fig.  7./)-     It  is 
frequently  absent,  and  then  the  stigma  is  sessile:  it  is  not 
more  essential  to  a  pistil  than  the  stalk  to  a  leaf,  or  the  claw 
to  a  petal,  or  the  filament  to  a  stamen.     Anatomically  con- 
sidered, it  consists  of  a  column  of  one  or  more  bundles  of 
vascular  tissue,    surrounded  by  cellular    tissue;  the   former 
communicating  on  the  one  hand  with  the  stigma,  and  on  the 
other  with  the  vascular  tissue  of  the  ovary.     It  is  usually 
taper,  often  filiform,  sometimes  very  thick,  and  occasionally 
angular:    rarely  thin,  flat,  and  coloured,  as  in  Iris  and  in 
Canna.     In  some  plants  it  is  continuous  with  the  ovary,  the 
one  passing    insensibly  into  the  other,  as   in   Digitalis;    in 
others  it  is  articulated  with  the  ovary,  and  falls  off,  by  a  clean 
scar,  immediately  after  fertilisation  has    been  accomplished, 
as  in  the  Scirpus.     Its  usual  point  of  origin  is  from  the  apex 
of  the  ovary  ;  nevertheless,  cases  occur,  in  which  it  proceeds 
from  the  side,  as  in  Alchemilla,  or  even  from  the  base,  as  in 
Labiatae  and  Boragineae.     In  these  cases,  however,  it  is  to  be 
understood  that  the  geometrical  and  organic  apices  are  differ- 
ent, the  latter  being  determined  by  the  origin  of  the  style. 
For  this  reason,  when  the  style  is  said  to  proceed  from  the 
side  or  base  of  the  ovary,  it  would  be  more  correct  to  say  that 
the  ovary  is  obliquely  inflated  or  dilated,  or  gibbous  at  the 
base  of  the  style. 

The  surface  of  the  style  is  commonly  smooth  ;  but  in  Com- 
posit«,  Campanulacece,  and  others,  it  is  often  densely  covered 
with  hairs,  called  collectors,  which  seem  intended  as  brushes 
to  clear  the  pollen  out  of  the  cells  of  the  anthers.     In  Lobelia 
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these  hairs  are  collected  in  a  whorl  below  the  stigma;  in 
Goodenoviffi  they  are  united  into  a  cup,  in  which  the  stigma  is 
enclosed,  and  which  is  called  the  indusium  (Plate  V.  fig.  13.  b). 
Many  styles  which  appear  to  be  perfectly  simple,  as  for 
instance  those  of  the  Primrose,  the  Lamium,  the  Lily,  or  the 
Borage,  are  in  reality  composed  of  several  grown  together ;  as 
is  indicated  by  the  lobes  of  their  stigma,  or  by  the  number 
of  cells  or  divisions  of  their  ovary.  In  Malva  an  example 
may  be  seen  of  a  partial  union  only  of  the  styles,  which  are 
distinct  upwards,  but  united  below.  In  speaking  of  styles  in 
this  latter  state,  botanists  are  apt  to  describe  them  as  divided 
in  different  ways,  which  is  manifestly  an  inaccurate  mode  of 
expression. 

The  stigma  is  the  upper  extremity  of  the  style,  without  a 
cuticle ;    in   consequence  of  which  it  has,  almost  uniformly, 
either  a  humid  or  papillose  surface.     In  the  first  case  it  is  so 
in  consequence  of  the  fluids  of  the  style  being  allowed  to  flow 
up  through    the    intercellular   passages   of  the    tissue,   there 
being  no  cuticle  to  repress  and  conceal  them ;  in  the  latter 
case  the  papillae  are  really  the  rounded  sides  of  vesicles  of 
cellular  tissue.     When  perfectly  simple,  it  is  usually  notched 
on  one  side,  the  notch  corresponding  with  the  side  from  which 
the  placenta  arises :  see  the  stigma  of  Rosa,  Prunus,   Pyrus, 
and  others.     If  it  belongs  to  a  single  carpel   (p.  143.),  it  is 
either  undivided,  or  its  divisions,  if  any,  are  all  placed  side 
by  side,  as  in  some  Euphorbiaceae,   Crocus,  &c. ;  but  if  it  is 
formed  by  the  union   of  the  stigmas  of  several   carpels,  its 
lobes  are  either  opposite  each  other,  as  in  Mimulus,  or  placed 
in  a  whorl,  as  in  Geranium.     Such  being  the  case,  it  is  always 
to  be  understood  that  an  apparently  simple  ovary,  to  which 
two  or  more  opposite  stigmas  belong,  is  really  of  a  compound 
nature,  some  of  its  parts  being  abortive,  as  in  Composite. 

Nothing  is,  properly  speaking,  stigma,  except  the  secreting 
surface  of  the  style ;  it  very  often,  however,  happens,  that  the 
term  is  carelessly  applied  to  certain  portions  of  the  style. 
For  example,  in  the  genus  Iris,  the  three  petaloid  lobed  styles 
in  the  centre  are  called  stigmata;  while  the  stigma  is  in 
reality  confined  to  a  narrow  humid  space  at  the  back  of  each 
style  :  in  Labiatae,  Bentham  has  shown  that  what  is  called  a 
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two-lobed  Stigma  is  a  two-lobed  style,  the  points  only  of  the 
lobes  of  which  are  stigniatic :  and  in  Lathyrus,  and  many 
other  Papilionaceous  plants,  Linnaean  botanists  call  the  hairy 
back  of  the  style  the  stigma ;  while,  in  fact,  the  latter  is  con- 
fined to  the  mere  point  of  the  style. 

Nevertheless,  there  are  certain  stigmas  in  which  no 
denuded  or  secreting  surface  can  be  detected.  Of  this  nature 
is  that  of  Tupistra,  in  which  the  apparent  stigma  is  a  fungous 
mass  with  a  surface  of  the  same  nature  as  that  of  the  style  ; 
in  such  a  stigma  the  mode  of  fertilisation  forms  a  very  inte- 
resting problem,  which  botanists  have  yet  to  solve. 

The  centre  of  a  stigma  consists  of  tissue  of  a  peculiar 
character,  which  communicates  directly  with  the  placenta, 
and  which  is  called  the  stujmatic  tissue.  It  is  more  lax  than 
that  which  surrounds  it,  and  serves  for  the  conveyance  of  the 
fertilising  matter  of  the  pollen  into  the  ovules. 

Such  is  a  general  view  of  the  more  remarkable  peculiarities 
of  the  female  system.     This  part,  however,  bears  so  important 
an  office  in  the  functions  of  vegetation,  is  so  valuable  as  a 
means  of  scientific  arrangement,  and  is  liable  to  such  a  great 
variety  of  modifications,  that  it  will  be  necessary  now  to  con- 
sider it  in  another  and  more  philosophical  point  of  view.     For 
we  have  yet  to  consider  the  structure  of  the  compound  pistil, 
and  to  learn  to  understand  the  exact  nature  of  its  cells,  and 
dissepiments,  and  placentae,  and  the  precise  relation  that  these 
parts  bear  to  each  other ;  and  also  to  prove  that  the  necessary 
consequence  of  the  laws  under  which  pistils  are  constructed 
is,  that  they  can  be  subject  to  only  a  particular  course  of 
modification,  within  which  every  form  must  absolutely,  and 
without  exception,  fall.     This  enquiry  would,  perhaps,  be  less 
important  if  none  but  structure  of  a  very  regular  and  uniform 
kind  were  to  exist;  but,  considering  the  numberless  anoma- 
lies that  the  pistil  exhibits,  it  becomes  at  once  one  of  the  most 
difficult  and  most  essential  parts  of  a  student's  investigation. 

In  the  days  of  Linnaeus  and  Gaertner,  and  even  in  those  of 
the  celebrated  L.  C.  Richard,  nothing  whatever  was  known 
of  this  matter,  and  consequently  the  writings  of  those  car- 
pologists  are  a  mere  tissue  of  ingenious  misconceptions.  Nor 
did  the  subject  become  at  all  intelligible,  notwithstanding  the 
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writings  of  Wolff,  until  the  admirable  Treatise  upon  Vege- 
table Metamorphosis,  which  had  been  published  by  Goethe 
in  1790,  but  which  had  long  been  neglected,  was  again 
brought  into  notice,  and  illustrated  by  the  skilful  demonstra- 
tions of  De  Candolle,  Turpin,  Du  Petit  Thouars,  and  others. 
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According  to  these  writers,  the  pistil  is  either  the  modifi- 
cation of  a  single  leaf,  or  of  one  or  more  whorls  of  such  leaves, 
which  are  technically  called  carpels.  Each  carpel  has  its  own 
ovary,  style,  and  stigma,  and  is  formed  by  a  folded  leaf,  the 
upper  surface  of  which  is  turned  inwards,  the  lower  outwards, 
and  the  two  margins  of  which  develop  one  or  a  greater  num- 
ber of  buds,  which  are  in  a  rudimentary  state,  and  are  called 
the  ovules. 

A  very  distinct  idea  of  the  manner  in  which  this  occurs 
may  be  obtained  from  the  carpel  of  a  double  cherry,  in  which 
the  pistil  loses  its  normal  carpellary  character,  and  reverts  to 
the  structure  of  the  leaf  In  this  plant  the  pistil  is  a  little 
contracted  leaf,  the  sides  of  which  are  pressed  face  to  face, 
the  midrib  elongated,  and  its  apex  discoloured,  or  a  little  dis- 
tended. If  we  compare  this  with  the  pistil  of  a  single  cherry, 
the  margins  of  the  leaf  with  the  ventral  suture,  the  elongated 
midrib  with  the  style,  the  discoloured  distended  apex  with  the 
stigma,  they  will  be  found  to  correspond  exactly. 

In  this  case  there  is  an  indisputable  identity  of  origin  and 
nature  between  the  ovary  and  the  blade  of  a  leaf,  — between 
the  little  suture  that  occupies  one  angle  of  the  carpel  of  a 
cherry,  and  the  line  of  union  of  the  two  edges  of  the  leaf, — 


168  ORGANOGRAPHY.  BOOK  I. 

and  between  the  elongated  midrib,  with  its  distended  apex,  and 
the  style  and  stigma.  There  can  be  no  doubt  that  the  plan 
of  all  carpels  is  the  same ;  so  that  the  ovary  is  the  blade  of  a 
leaf,  the  style  an  elongated  midrib,  and  the  stigma  the  denuded, 
secreting,  humid  apex  of  the  latter. 

Such  being  the  origin  of  the  carpel,  its  two  edges  will  cor- 
respond, one  to  the  midrib,  the  other  to  the  united  margins  of 
the  leaf  These  edges  often  appear  in  the  carpel  like  two 
sutures,  of  which  that  w^hich  corresponds  to  the  midrib  is  called 
the  dorsal,  that  which  corresponds  to  the  united  margins  is 
named  the  ventral  suture. 

It  is  at  some  point  of  the  ventral  suture  that  is  formed  the 
-placenta,  which  is  a  copious  development  of  cellular  substance, 
out  of  which  the  ovules  or  young  seeds  arise.  It,  the  placenta, 
originates  from  both  margins  of  the  carpellary  leaf; — but,  as 
they  are  generally  in  a  state  of  cohesion,  there  appears  to  be 
but  one  placenta, — nevertheless,  if,  as  sometimes  happens, 
the  margins  of  the  carpellary  leaf  do  not  unite,  there  will  be 
two  obvious  placentae  to  each  carpel.  Now,  as  the  stigma  is 
the  termination  of  the  dorsal  suture,  it  occupies  the  same 
position  as  that  suture  with  regard  to  the  two  placentae ;  con- 
sequently the  normal  position  of  the  two  placentae  of  a  single 
carpel  will,  if  they  are  separate,  be  right  and  left  of  the 
stigma.     This  is  a  fact  very  important  to  bear  in  mind. 

Pistils  consisting  of  but  one  carpel  are  simple;  of  several, 
are  compound.  If  the  carpels  of  a  compound  pistil  are  dis- 
tinct entirely  or  in  part,  they  are  apocarpous,  as  in  Caltha;  if 
they  are  completely  united  into  an  undivided  body,  as  in 
Pyrus,  they  are  sj/ncarpous.  That  syncarpous  pistils  are  really 
made  up  of  a  number  of  united  carpels  is  easily  shown,  as 
Goethe  has  well  remarked,  in  the  genus  Nigella,  in  which  N. 
orientalis  has  the  carpels  partially  united,  while  N.  damascena 
has  them  completely  so.  In  the  latter  case,  however,  the  styles 
are  distinct;  they  and  the  stigmas  are  all  consolidated  in  a 
single  body,  when  the  pistil  acquires  its  most  complete  state 
of  complication,  as  in  the  Tulip;  which  is,  however,  if  care- 
fully examined,  nothing  but  an  obvious  modification  of  such  a 
})istil  as  that  of  Nigella  damascena. 

This  important  conclusion  is  deducible  from  the  foregoing 
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considerations :  viz.,  that,  as  the  carpels  are  modified  leaves, 
they  are  necessarily  subject  to  the  same  laws  of  arrangement, 
and  to  no  others,  as  leaves  developed  around  a  common  axis 
upon  one  or  several  planes.  For  no  axiom  appears  more  in- 
contestable in  botany,  than  that  all  modifications  of  a  given 
organ  are  controlled  essentially  in  the  same  way,  and  by  the 
same  influences,  as  the  organ  itself  in  an  unmodified  state : 
and  hence  every  theory  of  the  structure  of  fruit  which  is  not 
reducible  to  that  which  would  be  applicable  to  the  structure 
of  whorls  of  leaves  is  vicious  of  necessity.  I  shall  proceed  to 
demonstrate  the  perfect  accordance  of  the  carpellary  theory 
of  structure  in  every  point  with  these  principles. 

The  placenta  arises  from  the  two  margins,  either  distinct 
or  more  usually  combined,  of  a  leaf  folded  inwards.  When 
a  leaf  is  folded  inwards,  its  margins  will  point  towards  the 
stem  or  axis  around  which  it  is  developed ;  and  in  a  whorl 
of  leaves  such  inflected  margins  would  all  be  collected 
round  a  common  centre ;  or,  if  the  axis  were  imaginary, 
in  consequence  of  the  whorl  being  terminal,  would  be 
placed  next  each  other,  in  a  circle  of  which  tne  back  of  the 
leaves  would  represent  the  circumference.  Therefore  the 
placentae  will  always  be  turned  towards  the  axis,  or  will 
actually  meet  there,  forming  a  common  centre ;  and,  which 
is  a  very  important  consequence  of  this  law,  if  one  carpel 
only,  with  its  single  placenta,  be  formed  in  a  flower,  the  true 
centre  of  that  flower  will  be  indicated  by  the  side  of  the  car- 
pel occupied  by  the  placenta.  Proofs  of  this  may  be  found 
in  every  blossom:  but  particularly  in  such  as,  habitually 
having  but  one  carpel,  occasionally  form  two,  as  the  Wisteria 
sinensis,  Alchemilla  arvensis,  Cerasus  acida,  &c. ;  in  these  the 
second  carpel,  when  added,  does  not  arise  by  the  side  of  the 
first,  but  opposite  to  it,  the  face  of  its  placenta  being  in  front 
of  that  of  the  habitual  carpel.  A  fourth  proof  of  this  uniform 
direction  of  the  placentae  towards  the  axis  is  afforded  b}'^ 
those  pistils  in  which  a  great  number  of  carpels  is  developed 
in  several  rows,  as  in  the  Strawberry  and  the  Ranunculus : 
in  all  these  the  placentae  will  be,  without  exception,  found 
directed    towards    the    axis,    and    consequently   towards  the 
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back  of  every  row,  except  the  in- 
ner. For  example,  in  the  follow- 
ing diagram  (123.),  let  O  be  the 


axis,  b  b  placentae,  c  c  the  backs  of 
carpels;  the  placentae,  b  b,  of  the 
inner  row  will  be  next  the  centre 
O ;  the  placentae,  b  b,  of  the  second 
row  will  be  next  the  backs,  c  c,  of 
the  first  row ;  and  so  on. 

If  the  order  of  developement  of 
leaves  were  exactly  followed  in  that  of  the  stamens  and  car- 
^24  pels,  it  would  happen  that  the  latter 

would  be  invariably  alternate  with 

r y- — V,  the  inner  row  of  stamens;  for  if  a  a 

1    ^  /  Vly  ^-fid'  1^4.)  is  the  station  of  five  sta- 

).  '~~y  ^^^       mens,  b  b  would  be  the  situations  of 

"    I       the  carpels :  this  relative  position  is 

therefore  considered  the  normal  one, 


( (i)  '^^^^  is  ill  f^ct  that  which  usually  ex- 
^-'^  ists  in  perfectly  regular  flowers; 
but  as  all  the  parts  of  a  flower, 
in  consequence  of  the  non-developement  of  some  parts,  or 
the  excessive  developement  of  others,  are  subject  to  devia- 
tions, either  real  or  apparent,  from  what  is  considered 
their  normal  state,  it  frequently  happens  that  the  carpels 
either  bear  no  apparent  relation  to  the  stamens  or  are 
opposite  to  them.  In  Papilionaceous  plants,  for  example, 
where  only  one  carpel  is  present,  it  is  difficult  to  say  that  it 
bears  any  exact  relation  to  the  stamens,  although  it  is  pro- 
bable that  its  position  is  really  normal  with  regard  to  them ; 
and  so  also  in  Rosaceous  plants,  with  numerous  carpels,  no 
exact  relation  can  be  proved  to  exist  between  the  latter  and 
the  stamens,  unless  it  may  be  said  to  be  indicated  by  those 
genera,  such  as  Spiraea,  in  which  the  carpels  are  reduced  to 
five;  and,  finally,  in  such  plants  as  Delphinium,  in  which  the 
carpels  are  three,  while  the  floral  envelopes  and  male  system 
are  divided  upon  a  quinary  plan,  it  is  manifest  that  no  alter- 
nation can  exist  between  the  stamens  and  carpels. 

As  the  sepals  and  petals  most  commonly  consist  each  of  a 
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single  whorl  of  parts,  so  the  pistil  is  more  frequently  com- 
posed of  one  whorl  of  carpels  than  of  more.  There  are,  how- 
ever, certain  families  in  which  several  whorls  are  produced 
one  within  the  other,  as  in  Fragaria,  Ranunculus,  Magnolia, 
Annona,  and  the  like.  In  these  cases  it  mostly  happens  that 
the  carpels  are  either  entirely  separate  or  nearly  so ;  but  it 
sometimes  happens  that  syncarpous  pistils  are  habitually  pro- 
duced with  more  than  one  whorl  of  carpels,  and  consequently 
of  cells,  as  Nicotiana  multivalvis,  and  some  varieties  of  the 
genus  Citrus.  In  such  instances  the  placentae  of  the  outer 
series  will  necessarily  be  applied  to  the  backs  of  the  inner 
series,  as  has  been  just  demonstrated. 

This  mutual  relation  of  the  different  rows  of  carpels  is 
sometimes  observed  when  the  I'eceptacle  from  which  they 
arise  is  either  convex  or  concave:  in  the  former  state  the 
outer  series  will  obviously  be  lowermost,  and  in  the  latter 
uppermost;  a  circumstance  tha't  leads  to  no  intricacy  of  struc- 
ture when  the  carpels  are  distinct,  but  which  may  cause  an 
exceedingly  anomalous  structure  in  syncarpous  pistils,  espe- 
cially when  accompanied  by  other  unusual  modifications  of 
structure.  There  can  be  no  doubt  that  the  true  nature  of 
the  composition  of  the  pomegranate  is  to  be  explained  upon 
this  principle.  In  order  to  make  these  considerations  more 
clear,  let^s.  125,  126,  and  127.  represent — j^.  125.  a  convex 
receptacle,  with  distinct  carpels;  Ji(/.  126.  a  concave  one,  with 
the  same;  and  Ji^.  127.  a  concave  one,  with  the  carpels  con- 

125  126  127 


solidated.  In  these,  a  a  are  the  outer  row  of  carpels,  b  h  the 
next,  and  d  d  the  central  row.  The  relative  position  of 
these,  as  the  receptacle  is  convex  or  concave,  will  now  be 
apparent. 
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I  have  stated  that  the  placenta,  however  simple  it  may  ap- 
pear to  be,  is  really  the  result  of  the  union  of  two  united  mar- 
gins of  a  carpellaiy  leaf :  it  is,  therefore,  essentially  double ; 
and,  accordingly,  we  find  that  in  polyspermous  ovaries  the 
ovules  are  almost  always  arranged  in  two  rows,  as  in  the  Pea 
and  Bean,  the  Quince,  the  Paeony,  &c. ;  nevertheless  there 
are  instances  in  which  the  placentae  occupy  a  considerable 
portion  of  the  wall  of  the  ovary,  and  bear  the  ovules  in  a 
great  many  rows,  but  in  no  certain  order,  as  in  Nymphaea ; 
and,  on  the  other  hand,  some  plants  have  the  placentae  so 
little  developed,  that  not  more  than  one  ovule  is  generated 
between  the  two  placentae,  as  in  Boraginese,  Labiatae,  Umbelli- 
ferae,  Stellatae,  Compositae,  and  many  others.  There  can  be 
no  doubt,  however,  that  all  the  latter  cases  are  mere  instances 
of  suppressed  structure,  in  consequence  of  the  general  incom- 
pleteness of  developement. 

When  two  leaves  are  developed  upon  a  stem,  they  are 
always  opposite,  and  never  side  by  side.  As  carpels  are 
modified  leaves,  they  necessarily^  obey  this  law;  and,  conse- 
quently, when  a  pair  of  carpels  forms  a  bilocular  ovarium,  the 
separation  of  the  two  cells  is  directly  across  the  axis  of  the 
flower. 

The  partitions  that  ai*e  formed  in  ovaries,  by  the  united 
sides  of  cohering  carpels,  and  which  separate  the  inside  into 
cells,  are  called  dissepiments  or  septa.  It  is  extremely  im- 
portant to  bear  in  mind,  not  only  that  such  is  really  their 
origin,  but  that  they  cannot  possibly  have  any  other  origin, 
in  order  to  form  an  exact  idea  of  the  structure  of  pistils. 
Now,  as  each  dissepiment  is  thus  formed  of  two  united  sides, 
it  necessarily  consists  of  two  plates,  which  are,  in  the  ovary 
state,  often  so  completely  united,  that  their  double  origin  is 
undiscoverable,  but  which  frequently  separate  in  the  ripe 
pericarp.  This  happens  in  Rhododendron,  Euphorbia,  Pent- 
stemon,  and  a  multitude  of  other  plants.  The  consideration 
of  this  circumstance  leads  to  certain  laws  which  cannot  be 
subject  to  exception,  but  which  are  of  great  importance ;  the 
principal  of  which  are  these  :  — 

1 .  All  dissepiments  are  vertical  and  never  horizontal.  —  For 
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if  a,  h  in  Jig.  128.  represents  the 
side  of  one  carpel  and  c,  d  tliat 
of  another,  the  dissepiment  «,  c, 
Z»,  d  formed  by  this  union  will 
have  precisely  the  same  direction 
as  that  of  the  carpels,  and  can 
never  acquire  any  other  ;  and 
/  b       d  h  the  same  would  be  true  of  the 

sides  e,y*andy,  A,  if  they  formed  themselves  into  dissepiments 
by  uniting  with  other  carpels:  consequently  a  partition  in  any 
cell  in  the  direction  of  z,  k  could  not  be  a  dissepiment,  but 
would  be  of  a  different  nature. 

"2.  They  are  uniformly  equal  in  number 
to  the  carpels  out  ofiohich  the  pistillum  is 
formed.  —  Suppose  the  triangle  A,  B,  C 
represented  a  ti'ansverse  section  of  an 
ovary  formed  by  the  union  of  three  car- 
pels 0,  0,  0  ;  then  d,  e,  f  would  be  the 
dissepiments,  and  could  not  be  either 
more  or  less  in  number. 

3.  They  proceed  directly  from  the  pla- 
cent<B.  —  As  the  placenta  is  the  margin 
of  the  carpellary  leaf,  and  as  the  dissepiment  is  the  side  of  the 
carpellary  leaf,  it  is  evident  that  a  dissepiment  cannot  exist 
apart  from  the  placenta.  Hence,  when  any  partition  exists  in 
an  ovary  and  is  not  connected  with  the  placenta,  it  follows 
that  such  a  partition  is  not  a  dissepiment,  however  much  it 
may  otherwise  resemble  one. 

4.    They  are  alternate  with  placentce,  formed  by  the  cohesion 
A  d  B  of  the  margins  of  the  same  carpel^  and  op- 

posite to  placentce^  formed  by  the  cohesion 
of  the  contiguous  margins  of  different  car- 
pels.—  Let  the  triangle  A,  B,  C  repre- 
sent a  transverse  section  of  a  three-celled 
ovary  of  which  d^  e,  f  are  the  dissepi- 
ments :  the  dissepiments  d  and  e  will 
alternate  with  the  placentae  m,  g,  both 
belonging  to  the  cai-pel  A ;  but  the  dis- 
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sepiment  d  will  be  opposite  the  placentae  wz,  I,  formed  by  the 
cohesion  of  the  contiguous  margins  of  the  carpels  A  and  B. 

5.  A  single  carpel  can  have  no  dissepiment  lohatever. 

6.  The  dissepiment  loill  ahvays  cdternate  with  the  stigma  ;  — 
for  the  stigma  is  the  extremity  of  the  midrib  of  the  carpellary 
leaf,  or  of  the  dorsal  suture  of  the  carpel ;  and  the  sides  of 
either  of  these  (which  form  dissepiments)  will  be  right  and 
left  of  the  stigma,  or  in  the  same  position  with  regard  to  the 
latter  organ  as  the  sides  of  the  lamina  of  a  leaf  to  its  apex. 
Let  the  triangle,  a,  b,  c,  represent  a  ^31 
transverse  section  of  a  three-celled^  ^ 
ovary,  of  which  d,  e.,  fstxe  the  dissepi- 
ments. The  stigmas  would  occupy  a 
position  equal  to  that  of  the  spaces 
s,  s,  s,  and  would  consequently  be  al- 
ternate with  d,  e,  f,  the  dissepiments  : 
they  could  not  possibly  be  placed 
opposite  d,  e,  f,  upon  any  principle  of 
structure  with  which  we  are  acquainted. 
This  law  proves,  that  neither  the  membrane  which  separates 
the  two  cells  of  a  Cruciferous  siliqua,  nor  the  vertical  plate 
that  divides  the  ovary  of  Astragalus  into  two  equal  portions, 
are  dissepiments ;  both  are  expansions  of  the  placenta,  or  of 
some  other  part,  in  different  degrees. 

Such  is  the  structure  of  an  ovary  in  its  most  common  state ; 
certain  deviations  from  it  remain  to  be  explained.  We  have 
seen  that  when  carpels  become  syncarpous,  they  form  a  pistil, 
the  ovary  of  which  has  as  many  cells  and  dissepiments  as  there 
are  carpels  employed  in  its  construction.  But  sometimes  the 
united  sides  of  the  carpels  do  not  project  so  far  into  the  cavity 
of  the  ovary  as  to  meet  in  the  axis,  as  in  the  Poppy ;  and  then 
the  result  is  an  ovary,  which,  although  composed  of  many  car- 
pels, is  nevertheless  one-celled  (_/?^.134.).  In  such  case  the 
dissepiments  project  a  short  distance  only  beyond  the  inner 
lining,  or  paries^  of  the  ovary,  and,  bearing  on  their  edges  the 
placenta?,  the  latter  are  said  to  be  parietal.  In  other  plants, 
such  as  Corydalis,  Viola,  and  Orchis,  the  carpels  are  not 
folded  together  at  all,  but  are  spread  open  and  united  by  their 
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edges  [Jig.  133.)  :  in  that  case  the  placentae  do  not  project 
at  all  into  the  cavity  of  the  ovary,  but  are  still  more  strictly 
parietal  than  the  last. 

132  133  134 


Another  class  of  anomalies  of  a  still  mo're  remarkable  cha- 
racter, is  that  in  which  the  dissepiments  are  obliterated,  while 
the  placentEe  remain  a  distinct  mass  in  the  centre  of  the 
ovary,  as  in  Lychnis  ;  forming  what  is  called  a  free  central 
placenta  {fig.  132.).  But,  if  we  examine  these  plants  at  a  very 
early  period  of  their  formation,  long  before  the  flowers  expand, 
the  explanation  of  the  anomaly  will  be  obvious.  Such  plants 
are,  at  that  time,  constructed  upon  the  ordinary  plan,  with 
their  dissepiments  meeting  in  the  centre  and  forming  there  a 
fungous  placenta ;  but  subsequently  the  shell  of  the  ovary 
grows  more  rapidly  than  the  dissepiments,  and  breaks  away 
from  them  ;  while  the  excessive  growth  of  the  placenta  after- 
wards destroys  almost  all  trace  of  them  :  their  previous  pre- 
sence is  only  to  be  detected  by  lines  upon  the  shell  of  the 
ovary,  or  by  a  separation  of  the  mass  of  ovules  into  distinct 
parcels  upon  the  placenta. 

All  partitions  whose  position  is  at  variance  with  the  fore- 
going laws  are  spurious.  Such  spurious  dissepiments  are 
caused  by  many  circumstances,  the  chief  of  which  are  the 
following  :  —  they  are  caused  by  expansions  of  the  placenta, 
as  in  Cruciferae,  when  they  form  a  partition  stretching  from 
one  side  to  the  other  of  the  fruit ;  or  they  are  mere  dilatations 
of  the  lining  of  the  pericarp,  as  in  Cathartocarpus  Fistula,  in 
which  they  are  horizontal ;  or  they  are  internal  expansions  of 
the  dorsal  or  ventral  suture,  as  in  Amelanchier,  Astragalus, 
and  Thespesia,  in  which  they  are  distinguishable  from  their 
dissepiments  by  not  bearing  the  placentae,  and  by  being  op- 
posite the  stigma,  or  by  projecting  beyond  the  placentae ;  or, 
finally,  they  are  caused  by  the  sides  of  the  ovary  projecting 
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into  the  cavity,   uniting  and  forming  many  supernumerary 
cells,  as  in  Diplophractum. 

11.     Of  the  Receptacle. 

The  part  upon  which  the  carpels  are  seated  is  the  apex  of 
the  peduncle,  or  the  summit  of  the  floral  branch,  of  which  the 
carpels  are  the  termination.  Usually  this  part,  which  is  called 
the  receptacle,  is  flat,  or  merely  a  vanishing  point ;  but  in 
other  cases  it  is  very  much  dilated,  and  then  assumes  a  variety 
of  curious  appearances.  This  receptacle  is  called  torus,  or 
thalamus  as  well  as  receptaculum,  and,  in  Greek  compounds, 
has  the  name  of  clinium. 

In  Annonacea;  and  Magnoliaceae  it  elevates  itself  from  the 
base  of  the  calyx,  and  bears  the  numerous  stamens  peculiar 
to  these  orders:  here  it  is  called  Gonophore  (Gonophorum)  by 
De  Candolle.  In  Caryophylleae  the  receptacle  is  elongated, 
and  bears  on  its  summit  the  petals  and  stamens :  De  Candolle 
calls  this  form  Anthophore  (Anthophorum).  Wlien  it  is  suc- 
culent and  much  dilated,  so  as  to  resemble  the  receptacle  of  a 
Composita,  bearing  at  the  same  time  many  ovaries,  as  in  the 
Strawberry  and  Raspberry,  Richard  calls  it  Polyphore  :  most 
commonly  such  a  receptacle  is  sufficiently  described  by  the 
adjective  fleshy.  If  only  a  single  row  of  carpels  developes 
upon  such  a  receptacle,  as  in  Ochna,  and  there  is  an  oblique 
inclination  of  the  carpels  toM'ards  the  axis  of  the  flower,  we 
have  the  Gynohase  (Plate  V.  fig.  3.  a);  in  the  Geranium  this 
part  is  remarkable  for  being  lengthened  into  a  tapering 
woody  cone  to  which  the  styles  adhere  in  the  form  of  a  beak. 
In  Nelumbium  it  is  excavated  into  a  number  of  cavities,  in 
which  the  ovaries  are  half  hidden.  It  may  be  conjectured 
that  the  receptacle  is  in  reality  the  growing  point  of  the 
flower  bud,  and  that  it  is  analogous  to  the  spongy  head  of  the 
spadix  in  Arum,  and  to  the  hard  spines  of  the  Black-thorn. 

12.    Of  the  Ovule. 

The  Ovule  (Plate  V.  fig.  16.  to  26.)  is  a  small,  semipel- 
Incid,  pulpy  body,  borne  by  the  placenta,  and  gradually  chan- 
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ging  into  a  seed.    Its  internal  structure  is  exceedingly  difficult 
to  determine,  either  in  consequence  of  its  minuteness,  or  of 
the  extreme   delicacy  of  its  parts,  which  are  easily  torn  and 
crushed  by  the  dissecting  knife.     It  is  doubtless  owing  to  this 
circumstance  chiefly,  that  the  anatomy  of  the  ovule  was  almost 
unknown  to  botanists  of  the  last  century,  and  that  it  has  only 
begun  to  be  vmderstood  within  ten  or  twelve  years,  during 
which  it  has  received  ample  illustration  from  sevei'al  skilful 
observers.     Brown,  indeed,  claims  to  have  pointed  out  its  real 
nature  so  long  ago  as   1814;  but  the  brief  and  incomplete 
terms   then  used  by  that  gentleman,  in  the  midst  of  a  long 
description  of  a  single  species,  in  the  Appendix  to   Captain 
Flindes's  Voyage,  unaccompanied  as  they  were  by  any  ex- 
planatory   remarks,  prove  indeed   that  he  knew  something 
of  the  subject,  but  by  no  means  entitle  him  to  the  credit  of 
having,  at  that  time,  made  the  world  acquainted  with  it.    The 
late  Mr.  Thomas  Smith  seems  to  deserve  the  honour  of  having 
first  made  any  general  remarks  upon  the  subject:  of  what 
extent  they  exactly  were  is  not  kno^v^l,  as  his  discoveries,  in 
1818,  were  communicated,  as  it  would  seem,  in  conversation 
only;  but  it  is  to  be  collected  from  Brown's  statement  that 
they  were  of  a  highly  important  nature.      Since  that  period 
the  structure  of  the  ovule  has  received  much  attention  from 
Brown,    in    England;  Turpin  and  Adolphe  Brongniart,   in 
France ;  and  Treviranus,    in  Germany ;  by  all  of  whom  the 
subject  has  been  greatly  illustrated.     It  is,  however,  to  Mir- 
bel,  —  who,  by  collecting  the  discoveries  of  others,  examining 
their  accuracy,  and  combining  them  with  numerous  admirable 
observations  of  his  own,  has  given  a  full  account  of  the  gra- 
dual development  and  the  different  modifications  of  the  ovule, 
—  that  we  are  indebted  for  by  far  the  best  description  of  that 
important  organ.     His  two  papers  read  before  the  Academy 
of  Sciences  at  Paris,  in  1828  and  1829,  are  a  perfect  model 
of  candour  and  patient  investigation,  and  form  the  basis  of 
what  is  here  about  to  be  recorded  on  the  subject.     I  regret, 
however,   that  the  space  which  can  now  be  devoted  to  the 
explanation  of  the  structure  of  the  ovule  is  by  no  means  such  as 
its  intricacy  and  interest  demand. 

As  the  ovules  are  the  production  of  the  placentae,   they 
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necessarily  originate  in  the  margins  of  the  carpellary  leaf :  and 
hence  they  have  been  compared  to  the  buds  found  upon  the 
margins  of  some  true  leaves,  and  may  be  shown  to  be  actually 
analogous  to  them  in  structure. 

Of  the  truth  of  this  there  can  now  be  little  doubt;  for,  to 
say  nothing  of  such  plants  as  Bryophyllum,  which  habitually 
form  buds  on  the  margins  of  the  leaves,  or  of  Malaxis 
paludosa,  in  which  the  edge  of  the  leaf  is  frosted  by  little 
miscroscopical  points,  that  are  neither  exactly  ovules  nor 
exactly  buds,  or  of  the  bracts  of  Marcgraavia,  which  Tur- 
pin,  with  much  ingenuity,  has  endeavoured  by  mere  argu- 
mentation to  prove  analogous  to  the  primine  of  the 
ovule,  it  has  been  shown  by  Henslow  that  in  the  Mignio- 
nette  the  ovules  do  actually  become  transformed  into  leaves, 
either  solitary  or  rolled  together  round  an  axis,  of  which  the 
nucleus  is  the  termination.  {Camhr.  Phil.  Trans,  vol.  v. 
part  i.)  Engelman  also  mentions  and  figures  instances  of 
similar  changes ;  but  he  does  not  say  in  what  plants,  nor  are 
his  figures  by  any  means  satisfactory.  He,  however,  conckides 
from  the  observations  of  himself  and  Schimper,  that  "  the 
ovules  are  buds  of  a  higher  order,  their  integuments  leaves,  and 
their  stalk  the  axis,  all  which  in  cases  of  retrograde  metamor- 
phosis are  converted  into  stem  and  gi-een  leaves."  {De  An- 
tholysi  prodromus,  §  44.  76.  t.  5.  f.  4,  5.)  I  should  rather  say 
that  the  evidence  goes  to  prove  that  the  ovule  is  a  leaf-bud  in 
a  particular  state,  that  the  integuments  are  scales  {i.  e.  rudi- 
mentary leaves)  rolled  up  and  united  at  their  touching  mar- 
gins, and  that  the  nucleus  is  the  growing  point,  to  which  I 
have  already  on  so  many  different  occasions  directed  attention. 

In  almost  all  cases  the  o\'ule  is  enclosed  within  an  ovary, 
as  would  necessarily  happen  in  consequence  of  the  convolute 
nature  of  the  carpellary  leaves :  but  if  the  convolution  is  im- 
perfect, as  in  Reseda,  the  ovules  are  partially  naked ;  and  if 
it  does  not  exist  at  all,  as  in  Cycadeae  and  Coniferae,  the 
ovules  are  then  entirely  naked,  and,  instead  of  being  fertilised 
by  matter  conveyed  through  the  stigma  and  the  style,  as 
in  other  plants,  are  exposed  to  the  direct  influence  of  the 
pollen.  This  was  first  noticed  by  Brown;  and,  although  since 
contradicted,  seems  to  be  j)erfect]y  true. 
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When  the  ovules  are  attached  to  the  placenta  by  a  kmd  of 
cord,  that  cord  is  called  \\\e  funiculus  (Plate  V.  fig.  26.  a),  and 
is  a  mere  prolongation  of  the  placenta. 

In  the  beginning  the  ovule  is  a  pulpy  excrescence  (Plate 
V.  fig.  16.),  appearing  to  be  perfectly  homogeneous,  with  no 
trace  of  perforation  or  of  envelopes.  But,  as  it  advances  in 
growth,  it  is  gradually  (Plate  V.  fig.  17  to  21.)  enclosed  in 
two  sacs  or  integuments,  which  are  open  only  at  their  apex, 
where,  in  both  these  sacs,  a  passage  exists,  called  xhefvramen 
(Plate  V.  fig.  21.  a);  or,  in  the  language  of  Mirbel,  exostame 
(fig.  25.  a),  in  the  outer  integument,  and  endostome  (fig. 
25.  Z>),  in  the  inner  integument.  The  central  part  is  a 
fleshy,  pointed,  pulpy  mass,  called  the  nucleus,  or  nucelle 
(Plate  V.  fig.  19,  20.  a,  22.  b,  23.  c,  24.  d,  25.  e,  27.  e). 

The  outermost  of  the  sacs  (Plate  V.  fig.  22.  c,  23.  a,  25.  c) 
is  called  the  primine.  It  is  either  merely  a  cellular  coating, 
or  it  is  traversed  by  numerous  veins  or  bundles  of  tubes, 
these  are  sometimes  very  apparent,  as  in  the  Orange  tribes , 
and  Mirbel  seems  disposed  to  think  that  they  often  exist  in  a 
rudimentary  state  when  they  are  not  visible.  Usually  it  is 
nearly  as  long  as  the  secundine,  but  sometimes  it  is  remark- 
ably shorter,  as  in  the  Euphorbia  Lathyris  when  very  young 
(Plate  V.  fig.  22.). 

The  outermost  but  one  of  the  sacs  (Plate  V.  fig.  23.  J, 
20.  hf  25.  d)  is  called  the  secundine  ;  it  immediately  reposes 
upon  the  primine,  and  often  contracts  an  adhesion  with  it, 
so  that  the  two  integuments  become  confounded.  In  order  to 
ascertain  its  existence,  it  is,  therefore,  often  necessary  to 
examine  the  ovule  at  a  very  early  period  of  its  growth.  It 
is  probable  that  it  always  exists ;  but  Myrica,  Alnus,  Corylus, 
Quercus,  and  Juglans  have  been  named  by  Mirbel  as  plants 
in  which  the  secundine  is  not  perceptible  (Plate  V.  fig.  24.). 
Its  point  is  usually  pi'otruded  beyond  the  foramen  of  the 
primine. 

The  nucleus  (Plate  V.  fig.  22.  h,  18,  19,  20.  a,  24.  d,  25.  e) 
is  a  pulpy  conical  mass,  enclosed  by  the  primine  and  secun- 
dine, and  often  covered  by  them;  but  frequently  protruded 
beyond  the  latter,  and  afterwards,  at  a  subsequent  period  of 
its  growth,  again   covered  by  them.     Sometimes  its  cuticle 
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separates  in  the  form  of  a  third  coating  of  the  ovule  called  the 
tercine. 

T'hese  three  parts,  the  primine,  the  secundine,  and  the 
nucleus,  have  all  an  organic  connection  at  some  one  point  of 
their  surface.  That  point  is,  in  ovules  whose  parts  do  not 
iniderffo  any  alteration  of  direction  in  the  course  of  their 
growth,  at  the  base  next  the  placenta ;  so  that  the  nucleus  is 
like  a  cone,  growing  from  the  base  of  a  cup,  the  base  of  which 
is  connected  with  the  hilum  through  another  cup  like 
itself  (Plate  V.  fig.  23.).  The  axis  of  such  an  ovule  which 
Mirbel  calls  orthotropous^  is  rectilinear,  as  in  Myrica,  Cistus, 
Urtica,  &c. ;  and  the  foramen  is  at  the  end  of  the  ovule  most 
remote  from  the  hilum. 

But  sometimes,  while  the  base  of  the  nucleus  and  that  of 
the  outer  sacs  continue  contiguous  to  the  hilum,  the  axis  of 
the  ovule,  instead  of  remaining  rectilinear,  is  curved  down 
upon  itself  (Plate  V.  fig.  26,  27.);  so  that  the  foramen,  in- 
stead of  being  at  the  extremity  of  the  ovule  most  remote  from 
the  hilum,  is  brought  almost  into  contact  with  it.  Examples 
of  this  are  found  in  Papilionaceous  plants,  Caryophyllous 
plants,  Mignionette,  &c.  Mirbel,  who  first  distinguished  these, 
calls  them  campulitropous.  In  both  these  modifications  the  base 
of  the  ovule  and  the  base  of  the  nucleus  are  the  same. 

In  a  third  class  the  axis  of  the  ovule  remains  rectilinear ; 
but  one  of  the  sides  grows  rapidly,  while  the  opposite  side 
does  not  grow  at  all,  so  that  the  point  of  the  ovule  is  gradually 
pushed  round  to  the  base;  while  the  base  of  the  nucleus  is 
removed  from  the  hilum  to  the  opposite  extremity  (Plate  V. 
fig.  16  —  21.) ;  and  when  this  process  is  completed  the  whole  of 
the  inside  of  the  ovule  is  reversed;  so  that  the  apex  of  the 
nucleus,  and  consequently  the  foramen,  corresponds  with  the 
base  of  the  ovule.  Such  ovules  as  these  Mirbel  terms  ana- 
tropous;  they  are  very  common :  examples  may  be  found  in 
the  Almond,  the  Apple,  the  Ranunculus,  the  cucumber,  &c. 
^Vhen  the  base  of  the  nucleus  is  thus  removed  from  the  base 
of  the  ovule,  a  communication  between  the  two  is  always 
maintained  by  means  of  a  vascular  cord,  called  the  raphe 
(Plate  V.  fig.  24.  e,  '25.  f).  This  raphe,  which  oi'iginates 
in  the  placenta,  runs  up  one  side  of  the  ovule,  until  it  reaches 
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the  base  of  the  nucleus;  and  there  it  expands  into  a  sort  of 
vascular  disk,  which  is  called  the  chalaza  (Plate  V.  fig.  24. 
f,  25.  g).  As  the  chalaza  is  uniformly  at  the  base  of  the 
nucleus,  it  will  follow  that,  in  Orthotropous  and  Campulitro- 
pous  ovules  it  is  confounded  with  the  hilum  ;  while  it  is  only 
distinguished  in  Anatropous  ones,  in  which  alone  it  is  dis- 
tinctly to  be  recognised. 

It  has  been  remarked  that  the  raphe  or  vascular  extension 
of  the  placenta  always  occupies  the  side  next  the  ventral 
suture  of  the  ovary ;  and  that  when,  as  in  Euonpiius,  it  is 
turned  towards  the  dorsal  suture,  that  circumstance  arises 
from  an  alteration  in  the  position  of  the  ovule  subsequent  to 
its  being  fertilised. 

It  has  also  been  stated  that  the  passage  through  the 
primine  and  secundine  is  called  the  foramen ;  or  the  exos- 
tome,  when  speaking  of  that  of  the  primine ;  and  the  endos- 
tome,  in  speaking  of  the  secundine.  Upon  these  Mirbel 
remarks,  — "  These  two  orifices  are  at  first  very  minute,  but 
they  gradually  enlarge ;  and,  when  they  have  arrived  at  the 
maximum  of  dilatation  they  can  attain,  they  contract  and 
close  up.  This  maximum  of  dilatation  is  so  considerable  in  a 
great  number  of  species,  in  proportion  to  the  size  of  the 
ovule,  that,  to  give  an  exact  idea  of  it,  I  would  compare  it 
not  to  a  hole,  as  those  express  themselves  who  have  hitherto 
spoken  of  the  exostome  and  endostome,  but  to  the  mouth  of 
a  goblet  or  of  a  cup.  It  may  therefore  be  easily  understood, 
that,  to  perceive  either  the  secundine  or  the  nucleus,  it  is  not 
necessary  to  have  recourse  to  anatomy.  I  have  often  seen, 
most  distinctly,  the  primine  and  secundine  forming  two  large 
cups,  one  of  which  encompassed  the  other  without  entirely 
covering  it,  and  the  nucleus  extending  itself  in  the  form  of 
an  elongated  cone  beyond  the  secundine,  to  the  bottom  of 
which  its  base  was  fixed." 

In  practical  botany  the  detection  of  the  foramen  is  often  a 
matter  of  great  importance ;  for  it  enables  an  observer  to 
judge  from  the  ovule  of  the  direction  of  the  radicle  of  the 
future  embryo :  it  having  been  ascertained  by  many  observ- 
ations that  the  radicle  of  the  embryo  is  almost  always  pointed 
to  the  foramen.     A  partial  exception  to  this  law  exists,  how- 
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ever,  in  Euphorbiaceae,  in  many  of  which  Mirbel  has 
noticed  tliat,  after  fertiHsation,  the  axis  of  the  nucleus  and  the 
endostome  is  inchned  five  or  six  degrees,  without  the  exos- 
tome  changing  its  position ;  by  this  circumstance  the  foramen 
of  the  secundine  and  that  of  the  primine  cease  to  correspond, 
and  the  radicle,  instead  of  pointing  when  formed  to  the  exos- 
tome,  is  directed  to  a  point  a  short  distance  on  one  side  of  it. 

Besides  the  two  external  integuments,  Mirbel  has  re- 
marked the  occasional  presence  of  three  others  peculiar  to 
the  nucleus,  which  he  calls  the  tercine,  quartine,  and  quintine. 

The  former  is  the  external  coat  of  the  nucleus,  and  is  very 
generally,  if  not  universally,  present.  As  I  am  almost  unac- 
quainted either  with  it  or  the  two  latter,  I  can  add  nothing  to 
the  following  remarks  of  Mirbel  upon  the  subject:  —  "The 
quartine  and  quintine  are  productions  slower  to  show  them- 
selves than  the  preceding.  The  qviartine  is  not  very  rare, 
although  no  one  has  previously  indicated  it ;  as  to  the  quin- 
tine, which  is  the  vesicula  amnios  of  Malpighi,  the  additional 
memhrane  of  Brown,  and  the  sac  of  the  embryo  of  Adolphe 
Brongniart,  I  am  far  from  thinking  that  it  only  exists  in  a 
small  number  of  species,  as  Brown  seems  to  suppose.  If  no 
one  has  noticed  the  quartine,  it  is,  no  doubt,  because  it  has 
been  confounded  with  the  tercine ;  nevertheless  these  two  en- 
velopes differ  essentially  in  their  origin  and  mode  of  growth. 
I  have  only  discovered  the  quartine  in  ovules  of  which  the 
tercine  is  incorporated  at  an  early  period  with  the  secundine ; 
and  I  think  that  it  is  only  in  such  cases  that  it  exists.  At  its 
first  appearance  it  forms  a  cellular  plate,  which  lines  all  the 
internal  surface  of  the  wall  of  the  cavity  of  the  ovule ;  at  a 
later  period  it  separates  from  the  wall,  and  only  adheres  to 
the  summit  of  the  cavity :  at  this  period  it  is  a  sac,  or  rather 
a  perfectly  close  vesicle.  Sometimes  it  rests  finally  in  this 
state,  as  in  Statice ;  in  other  cases  it  fills  with  cellular  tissue, 
and  becomes  a  pulpy  mass ;  under  this  aspect  it  is  seen  in 
Tulipa  gesneriana.  All  this  is  the  reverse  of  what  takes  place 
in  the  tercine;  for  this  thii'd  envelope  always  begins  by  being 
a  mass  of  cellular  tissue,  (and  at  that  time  it  has  the  name,  as 
we  have  seen,  of  nucleus,)  and  generally  finishes  by  becoming 
a  vesicle. 
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"  I  have  remarked  the  fifth  envelope,  or  quintine,  in  many 
species ;  its  general  characters  are  such  as  to  prevent  its  being 
mistaken.  Its  complete  development  takes  place  only  in  a 
nucleus  which  remains  full  of  cellular  tissue,  or  in  a  quartine 
that  has  filled  with  the  same.  At  the  centre  of  the  tissue  is 
organised,  as  in  a  womb,  the  first  rudiment  of  the  quintine ; 
it  is  a  sort  of  delicate  intestine,  which  holds  by  one  end  to  the 
summit  of  the  nucleus,  and  by  the  other  end  to  the  chalaza. 
The  quintine  swells  from  top  to  bottom ;  it  forces  back  on  all 
sides  the  tissue  that  surrounds  it,  and  it  often  even  invades  the 
place  occupied  by  the  quartine  or  the  nucleus.  A  very 
delicate  thread,  the  suspensor,  descends  from  the  summit  of 
the  ovule  into  the  quintine,  and  bears  at  its  extremity  a 
globule  which  is  the  nascent  embryo." 

It  is  apparently  this  quintine  that  Brown  describes,  in 
the  ovule  of  the  Orchis  tribe,  as  a  thread  consisting  of  a 
simple  series  of  short  cells,  the  lowermost  joint  or  cell  of 
which  is  probably  the  original  state  of  what  afterwards,  from 
enlargement  and  deposit  of  granular  matter,  becomes  the 
opaque  speck,  or  rudiment  of  the  future  embryo.  {Observ. 
on  the  Organs^  Sfc.  of  Orcli.  and  Asclepiad.  pp.  18,  19.) 

*'  The  existence,"  continues  Mirbel,  "  of  a  cavity  in  the 
quartine,  or,  indeed,  the  destruction  of  the  internal  tissue  of 
the  nucleus,  at  the  period  when  the  quintine  developes, 
becomes  the  cause  of  some  modifications  in  the  manner  of 
existence  of  this  latter  integument.  The  quintine  is  never 
seen,  in  certain  Cucurbitaceae,  adhering  to  the  chalaza :  it  is 
nevertheless  evident  that  the  adhesion  has  existed.  The 
quintine,  distended  at  its  upper  part,  and  suspended  like  a 
lustre  from  the  top  of  the  cavity,  still  presents  at  its  lower  end 
a  portion  of  a  rudimentary  intestine  become  distinct ;  the 
separation  occurred  very  early,  in  consequence  of  the  tearing 
of  the  tissue  of  the  nucleus. 

"  Tlie  quintine  of  Statice  is  reduced  to  a  sort  of  cellular 
placenta,  to  the  lower  surface  of  which  the  embryo  is  attached. 
This  abortion  of  the  quintine  arises  from  the  quartine  having 
a  large  internal  cavity,  which  prevents  the  young  quintine 
from  placing  itself  in  communication  with  the  chalaza,  and 
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taking  that  development  which  it  acquires  in  a  multitude  of 
other  species." 

The  fluid  matter  contained  within  the  nucleus  is  called  the 
liquor  amnios,  and  is  supposed  to  be  what  nourishes  the 
embryo  during  its  growth. 

When  an  ovule  grows  erect  from  the  base  of  the  ovary,  it  is 
called  erect ;  when  from  a  little  above  the  base,  ascending  ; 
when  it  hangs  from  the  summit  of  the  cavity,  it  is  pendulous  ; 
and  when  from  a  little  below  the  summit,  it  is  susj)e7ided. 
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The  fi-uit  is  the  ovary  or  pistil  arrived  at  maturity ;  but, 
although  this  is  the  sense  in  which  the  term  is  strictly  applied, 
yet  in  practice  it  is  extended  to  whatever  is  combined  with 
the  ovary  when  ripe.  Thus  the  pine-apple  fruit  consists  of 
a  mass  of  bracts,  calyxes,  corollas,  and  ovaries ;  that  of  the 
nut,  the  acorn,  and  many  others,  of  the  superior  dry  calyx 
and  ovary ;  that  of  the  apple  of  a  succulent  superior  calyx, 
corolla,  and  ovary ;  and  that  of  the  strawberry-blite  of  a 
succulent  inferior  calyx  and  dry  ovary. 

The  fruit  being  the  matured  ovary,  it  should  exhibit 
upon  some  part  of  its  surface  the  traces  of  a  style  or  stigma  ; 
and  this  mark  will,  in  many  cases,  enable  the  student  to  dis- 
tinguish minute  fi'uits  from  seeds.    Many  fruits  were  formerly 
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called  naked  seeds,  such  as  those  of  Umbelliferse,  Labiatae, 
and  Boraginese,  and  the  grain  of  corn ;  but,  now  that  atten- 
tion has  been  paid  to  the  gradual  development  of  organs, 
such  errors  have  been  corrected.  In  cases  where  a  trace  of 
the  style  cannot  be  discovered,  anatomy  will  generally  show 
whether  a  minute  body  is  a  seed  or  fruit,  by  the  presence,  in 
the  latter  case,  of  two  separable  and  obviously  organically 
distinct  coatings  to  the  nucleus  of  the  seed;  but  in  other 
cases,  where  the  pericarp  and  the  integuments  of  the  seeds 
are  combined  in  a  single  covering,  and  where  no  trace  of 
style  remains,  as  sometimes  happens,  nothing  can  be  deter- 
mined as  to  the  exact  nature  of  a  given  body  without  follow- 
ing it  back  in  its  growth  to  its  young  state.  This,  however, 
may  be  stated,  that  naked  seeds,  properly  so  called,  are  not 
known  to  exist  in  more  than  three  or  four  orders  in  the 
whole  vegetable  kingdom ;  viz.  in  Coniferse  and  Cycadeas, 
where  the  ovules  also  are  naked,  and  in  Peliosanthes  Teta 
and  Leontice,  in  which  the  ovules,  originally  enclosed  in  an 
ovary,  rupture  it  at  an  early  period  after  fertilisation,  and 
subsequently  continue  naked  until  they  become  seeds. 

Such  being  the  case,  it  follows  that  all  the  laws  of  structure 
which  exist  in  the  ovary  are  equally  to  be  expected  in  the 
fruit ;  and  this  fact  renders  a  repetition  in  this  place  of  the 
general  laws  of  formation  unnecessary.  Nevertheless,  as,  in 
the  course  of  the  advance  of  the  ovary  to  maturity,  many 
changes  often  occur  which  contribute  to  conceal  the  real 
structure  of  the  fruit,  it  is  in  all  cases  advisable,  and  in  many 
absolutely  necessary,  to  examine  the  ovary,  in  order  to  be 
certain  of  the  exact  construction  of  the  fruit  itself.  These 
changes  are  caused  by  the  abortion,  non-development,  obli- 
teration, addition,  or  union  of  parts.  Thus  the  three-celled 
six-ovuled  ovary  of  the  oak  and  the  hazel  becomes,  by  the 
non-development  of  two  cells  and  five  ovules,  a  fruit  with  one 
seed;  the  three-celled  ovary  of  the  cocoa-nut  is  converted 
into  a  one-celled  fruit  by  the  obliteration  of  two  cells  and  their 
ovules ;  and  the  two-celled  ovary  of  some  Pedalineae  becomes 
many-celled  by  a  division  and  elongation  of  the  placentae. 

In  a  very  early  state  the  ovary  of  the  Lychnis  and  of  the 
primrose  consists  of  five  cells,  each  with  a  placenta  having  a 
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number  of  ovules  :  by  degrees  the  dissepiments  are  ruptured 
and  obliterated  by  the  rapid  growth  of  the  shell  of  the 
ovary ;  and  it  finally  becomes  a  fruit  with  only  one  cell,  and 
a  large  fungous  placenta  in  the  middle.  In  Cathartocarpus 
fistula  a  one-celled  ovary  changes  into  a  fruit  having  each 
of  its  many  seeds  lodged  in  a  separate  cell,  in  consequence  of 
the  formation  of  numerous  horizontal  membranes  which  in- 
tercept the  seeds.  A  still  more  extraordinary  confusion  of 
parts  takes  place  in  the  fruit  of  the  pomegranate  after  the 
ovary  is  fertilised;  and  many  other  cases  might  be  men- 
tioned. 

Every  fruit  consists  of  two  principal  parts,  the  pericarp 
and  the  seed.)  the  latter  being  contained  within  the  former. 
Wlien  the  ovary  is  inferior,  or  coheres  \\'ith  the  calyx,  the 
latter  and  the  pericarp  are  usually  so  completely  united 
as  to  be  inseparable  and  undistinguishable :  in  such  cases  it 
is  usual  to  speak  of  the  pericarp  without  reference  to  the 
calyx,  as  if  no  such  union  had  taken  place.  Botanists  call  a 
fruit,  the  pericarp  of  which  adlieres  to  the  calyx,  an  infe- 
rior fruit  {fructus  inferus)  ;  and  that  which  does  not  adhere  to 
the  calyx,  a  superior  fruit  [fructus  sujjerus).  But  Desvaux 
has  coined  other  words  to  express  these  ideas:  a  superior 
fruit  he  calls  autocarpien  :  an  inferior  fruit,  heterocarpien  ;  terms 
wholly  unnecessary  and  unworth}'  of  adoption. 

Every  thing  which  in  a  ripe  fruit  is  on  the  outside  of  the 
real  integuments  of  the  seeds  belongs  to  the  pericarp.  It 
consists  of  three  different  parts,  the  epicarp,  the  sarcocarp^  and 
the  endocarp ;  terms  contrived  by  Richard,  and  useful  in 
practice. 

Tlie  epicarp  is  the  external  integument  or  skin ;  the  endo- 
carp, called  putamen  by  Gaertner,  the  inner  coat  or  shell ; 
and  the  sarcocarp,  the  intermediate  flesh.  Tlius,  in  the  peach, 
the  separable  skin  is  the  epicarp,  the  pulpy  flesh  the  sarco- 
carp,  and  the  stone  the  endocarp  or  putamen.  In  the  apple 
and  pear  the  epicarp  is  formed  by  the  cuticle  of  the  cah-x, 
and  the  sarcocarp  is  confluent  with  the  remainder  of  the 
calyx  in  one  fleshy  body. 

The  pericarp  is  extremely  diversified  in  size  and  texture, 
varying  from  the  dimension  of  a  single  line  in  length  to  the 
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magnitude  of  two  feet  in  diameter ;  and  from  the  texture  of  a 
delicate  membrane  to  tlie  coarse  fabric  of  wood  itself,  through 
various  cartilaginous,  coriaceous,  bony,  spongy,  succulent,  or 
fibrous  gradations. 

The  base  of  the  pericarp  is  the  part  where  it  unites  with 
the  peduncle ;  its  apex  is  where  the  style  was  :  hence  tlie 
organic  and  apparent  apices  of  the  fruit  are  often  very  dif- 
ferent, especially  in  such  as  have  the  style  growing  from 
their  sides,  as  in  Rosacea;  and  Chrysobalaneas,  Labiatae  and 
BoraginesB. 

When  a  fruit  has  arrived  at  maturity  its  pericarp  either  con- 
tinues perfectly  closed,  when  it  is  indehiscent,  as  in  the  hazel- 
nut, or  separates  regularly  round  its  axis,  either  wholly  or 
partially,  into  several  pieces  :  the  separation  is  called  dehis- 
cence, and  such  pieces  valves ;  and  the  axis  from  which  the 
valves  separate,  in  those  cases  where  there  is  a  distinct  axis,  is 
called  the  columella. 

When  the  dehiscence  takes  place  through  the  dissepiments 
it  is  said  to  be  septicidal ;  when  through  the  back  of  the  cells 
it  is  called  loculicidal ;  if  along  the  inner  edge  of  a  simple 
fruit  it  is  called  sutaral ;  if  the  dissepiments  are  separated 
from  the  valves  the  dehiscence  is  named  septifragal. 

In   septicidal  dehiscence  the    dissepiments  ^^8 

divide  into  two  plates  and  form  the  sides  of  ^/\a      /, 

•tL^-  a 

of  dehiscence  the  valves  were  alternate  with  /      \ 

the    dissepiments,    or    that   the    valves   had       <^       ^ 
their  margins    turned  inwards.     This    may  v 

be  understood  from  ^y.  168.,  which  represents  the  relative 
position  of  parts  in  a  transverse  section  of  a  fruit  with  septi- 
cidal dehiscence ;  v  being  the  valves,  d  the  dissepiments,  and 
a  the  axis. 

In  loculicidal  dehiscence  the  dissepiments 
form  the  middle  of  each  valve,  as  in  the  lilac, 
or  in  the  diagram  169.,  where  the  letters 
have  the  same  value  as  above.  In  this  it 
was  formerly  said  that  the  dissepiments  were 
opposite  the  valves. 


each  valve,  as  in  Rhododendron,  Menziesia.  /         \ 
&c.    Formerly  botanists  said  that  in  this  sor 
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In  septifragal  dehiscence  the  dissepiments 
adhere  to  the  axis  and  separate  from  the 
valves,  as  in  Convolvulus ;  or  in  the  dia- 
gram 170.,  lettered  as  before. 

In  sutured  dehiscence  there  are  no  disse- 
piments,  the  fruit  being  composed  of  only  ^ 
one  carpel,  as  the  pea. 

Besides  these  regular  forms  of  valvular  dehiscence,  there  is 
a  mode  which  obtains  in  a  very  few  plants,  called  circumscissile. 
This  occurs  by  a  transverse  circular  separation,  as  in  Ana- 
gallis ;  in  Jeffersonia  it  only  takes  place  half  round  the  fruit. 

Valvular  dehiscence,  which  is  by  far  the  most  common 
mode  by  which  pericarps  open,  must  not  be  confounded  wdth 
either  rupturing  or  solubility,  —  irregular  and  unusual  con- 
trivances of  nature  for  facilitating  the  dispersion  of  seeds.  In 
valvular  dehiscence  the  openings  have  a  certain  reference  to 
the  cells,  as  has  been  already  shown ;  but  neither  rupturing 
nor  solubility  bear  any  distinct  relation  to  the  cells.  Rup- 
turing consists  in  a  spontaneous  contraction  of  a  portion  of  the 
pericarp,  by  which  its  texture  is  broken  through,  and  holes 
formed,  as  in  Antirrhinum  and  Campanula.  Soluhility  arises 
from  the  presence  of  certain  transverse  contractions  of  a  one- 
celled  pericarp,  through  which  it  fmally  separates  into  several 
closed  portions,  as  in  Ornithopus. 

For  the  nature  of  the  placenta  and  umbilical  cord  see  the 
observations  under  ovary.  These  parts,  which  are  mere 
modifications  of  each  other,  essentially  appertain  to  the  peri- 
carp, in  which  the  former  often  acquires  a  spongy  dilated  sub- 
stance, occasionally  dividing  the  cells  by  spurious  dissepi- 
ments, and  often  giving  to  the  fruit  an  appearance  much  at 
variance  with  its  true  nature.  In  some  seeds,  as  Euonymus 
Europaeus,  it  becomes  exceedingly  dilated  around  each  seed, 
forming  an  additional  envelope,  called  aril.  The  true  charac- 
ter of  this  organ  was  unknown  till  it  vvas  settled  by  Richard : 
before  his  time  the  term  was  applied,  not  only  in  its  true  sense 
to  an  enlargement  of  the  placenta,  but  also  to  the  endocarp  of 
certain  Rubiaceas  and  Rutaceae,  to  the  seed  coat  of  Jasniinum, 
Orchideae,  and  others,  and  even  to  the  perianth  of  Carex.  A 
very  remarkable  instance  of  the  aril  is  to  be  found  in  the  nutmeg, 
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in  wliicli  it  forms  the  part  called  the  mace  surrounding  the  seed. 
It  is  never  developed  until  after  the  fertilisation  of  the  ovule. 

Having  thus  explained  the  structure  of  the  pericarp,  it  is  in 
the  next  place  necessary  to  enquire  into  the  nature  of  its 
modifications,  which  in  systematic  botany  are  of  considerable 
importance.  It  is,  on  the  one  hand,  very  much  to  be  regretted 
that  the  terms  employed  in  this  department  of  the  science, 
which  is  that  of  Carpology,  have  been  often  used  so  vaguely 
as  to  have  no  exact  meaning ;  while,  on  the  other  hand,  they 
have  been  so  exceedingly  multiplied  by  various  writers,  that 
the  language  of  carpology  is  a  mere  chaos.  In  practice 
but  a  small  number  of  terms  is  actually  employed ;  but  it  can- 
not be  doubted  that,  if  it  were  not  for  the  inconvenience  of 
overburdening  the  science  with  words,  it  would  conduce  very 
much  to  clearness  of  description  if  botanists  would  agree  to 
make  use  of  some  very  precise  and  uniform  nomenclature. 

What,  for  instance,  can  be  more  embarrassing  than  to  find 
the  term  nut  applied  to  the  superior  plurilocular  pericarp  of 
Verbena,  the  gland  of  Cory  1  us,  and  the  achenia  of  Rosa  and 
Borago;  and  that  of  ierry  to  the  fleshy  envelope  of  Taxus,  the 
polyspermous  inferior  fruit  of  Ribes,  the  succulent  calyx  of 
Blitum,  and  several  other  things  ? 

So  much  discordance,  indeed,  exists  in  the  application  of 
terms  expressive  of  the  modifications  of  fruit,  that  it  is  quite 
indispensable  to  give  the  definitions  of  some  of  the  most  emi- 
nent writers  upon  the  subject  in  their  own  words,  in  order 
that  the  meaning  attached  by  those  authors  to  carpological 
terms,  when  employed  by  themselves,  may  be  clearly  undertood. 

In  the  phraseology  of  writers  antecedent  to  Linnceus^  the  fol- 
lowing are  the  only  terms  of  this  description  employed ;  viz. — 

1.  Bacca,  a  berry:   any  fleshy  fruit. 

2.  Aci7ius,SLhunch  of  fleshy  fruit:  especially  a  bunch  of  grapes. 

3.  Cachri/s,  a  cone :  as  of  the  pine  tree. 

4.  Pilula,  a  cone  like  the  Galbulus  of  modern  botanists. 

5.  Folliculus  (Fuchs),  any  kind  of  capsule. 

6.  Grossiis,  the  fruit  of  the  fig  unripe. 

7.  Siliqua,  the  coating  of  any  fruit. 

In  his  "  Philosophia  Botanica"  Linn^us  gives  the  follow 
ing  definitions  of  the  terms  he  employs  : — 


CHAP.  II.  CARPOLOGY.  191 

1.  Capsula,  hollow,  and  dehiscing  in  a  determinate  manner. 

2.  Siliqua,  two-valved,  with  the  seeds  attached  to  both  sutures. 

3.  Legumen,  two-valved,  with  the  seeds  attached  to  one 
suture  only. 

4.  Coficeptaculum,  one-valved,  opening  longitudinally  on  one 
side,  and  distinct  from  the  seeds. 

5.  Drupa,  fleshy,  without  valves,  containing  a  nut. 

6.  Ponaan,  fleshy  without  valves,  containing  a  capsule. 

7.  Bacca,  fleshy  without  valves,  containing  naked  seeds. 

8.  Strohilus,  an  amentum  converted  into  a  pericarp. 
GiERTNER  has  the  following,   with  definitions  annexed  to 

them : — 

1.  Capsula,  a  dry,  membranous,  coriaceous,  or  woody  peri- 
carp, sometimes  valveless,  but  more  commonly  dehiscing 
with  valves.     Its  varieties  are,  — 

a.  Utriculus,  an  unilocular  one-seeded  capsule,   very   thin 

and  transparent,  and  constantly  valvular ;  as  in  Che- 
nopodium,  Atriplex,  Adonis. 

b.  Samara,  an  indehiscent,  winged,  one  or  two-celled  cap- 

sule ;  as  Ulmus,  Acer,  Liriodendron. 

c.  FoUiculus,  a  double  one-celled,  one-valved,  membranous, 

coriaceous  capsule,  dehiscing  on  the  inside,  and  either 
bearing  the  seed  on  each  margin  of  its  suture,  or  on  a 
receptacle  common  to  both  margins;  as  Asclepias,  Cin- 
chona, and  Vinca. 

2.  Nux,  a  hard  pericarp,  either  indehiscent  or  never  divid- 
ing into  more  than  two  valves;  as  in  Nelumbimn,  Boraghiese, 
and  Anacardium. 

3.  Coccum,  a  pericarp  of  dry  elastic  pieces  or  coccules,  as  in 
Diosma,  Dictamnus,  Euphorbia. 

4.  Drupa,  an  indehiscent  pericarp  with  a  variable  rind,  very 
different  in  substance  from  the  putamen,  which  is  bony,  as  in 
Lantana,  Cocos,  Sparganium,  Gaura,  &:c. 

5.  Bacca,  any  soft  pericarp,  whether  succulent  or  other- 
wise ;  provided  it  does  not  dehisce  into  regular  valves,  nor 
contain  a  single  stone  adhering  to  it.  Of  this  the  following 
are  kinds  :  — 

a.  Acinus,   a  soft,   succulent,   semi-transparent,    unilocular 
berry,  with   one   or   two    hard    seeds;  as  the    grape, 
Rivina,  Rhipsalis,  Rubus,  Grossularia,  &c. 
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b.  Pomum,   a  succulent    or    fleshy,  two-  or  many-  celled 

berry,  the  dissepiments  of  which  are  fleshy  or  bony, 
and  coherent  at  the  axis ;  as  Pyrus,  Crataegus,  Cydo- 
nia,  Sapota,  and  others. 

c.  Pepo,  a  fleshy  berry  with  the   seeds  attached  at  a  dis- 

tance from  the  axis  upon  the  parietes  of  the  pericarp ; 
as  Cucumis,  Stratiotes,  Passiflora,  Vareca,  and  others. 
To  the  term  bacca  all  other  succulent  fruits  are  referred 
which  belong  to  neither  Acinus,  Pomum,  nor  Pepo; 
as  Garcinia,  Caryophyllus,  Cucubalus,  Hedera. 

6.  Legumen,  the  fruit  of  Leguminosae. 

7.  Siliqua  and  Silicula,  the  fruit  of  Cruciferae. 
WiLLDENOW  defines  those  employed  by  liim  in  the  following 

manner:  — 

1.  Utriculus,  a  thin  skin  enclosing  a  single  seed.  Adonis, 
Galium,  Amaranthus. 

2.  Samara,  a  pericarp  containing  one,  or  at  most  two  seeds, 
and  surrounded  by  a  thin  membrane,  either  along  its  whole 
circumference  or  at  the  point,  or  even  at  the  side.  Ulmus, 
Acer,  Betula. 

3.  Folliculus,  an  oblong  pericarp,  bursting  longitudinally 
on  one  side,  and  filled  with  seeds.     Vinca. 

4.  Capsula,  a  pericarp,  consisting  of  a  thin  coat  containing 
many  seeds,  often  divided  into  cells,  and  assuming  various 
forms.      Silene,  Primula,  Scrophularia,  Euphorbia,  Magnolia. 

5.  Nux,  a  seed  covered  with  a  hard  shell  which  does  not 
burst.     Corylus,  Quercus,  Cannabis. 

6.  Drupa,  a  nut  covered  with  a  thick  succulent  or  carti- 
laginous coat.  Prunus,  Cocos,  Tetragonia,  Juglans,  Myris- 
tica,  Sparganium. 

7.  Bacca,  a  succulent  fruit  containing  several  seeds,  and  not 
dehiscing.  It  encloses  the  seeds  without  any  determinate 
order,  or  it  is  divided  by  a  thin  membrane  into  cells.  Ribes, 
Garcinia,  Hedei-a,  Tilia.     Rubus  has  a  compound  bacca. 

8.  Pomum,  a  fleshy  fruit  that  internally  contains  a  capsule 
for  the  seed.  It  differs  from  the  celled  berry  in  having  a 
perfect  capsule  in  the  heart.     Pyrus. 

9.  Pepo,  a  succulent  fruit  which  has  its  seeds  attached  to 
the  inner  surface  of  the  rind.    Cucumis,  Passiflora,  Stratiotes. 

10.  Siliqua,  a   dry   elongated   pericarp,   consisting   of  two 
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halves  lield  together  by  a  common  permanent  suture.      Cru- 
ciferae.     Silicula  is  a  small  form  of  the  same. 

11.  Legumen,  a  dry  elongated  pericarp,  consisting  of  two 
halves  or  valves  externally  forming  two  sutures.  Legu- 
minosae. 

12.  Lomentum,  a  legumen  divided  internally  by  spurious 
dissepiments,  not  dehiscing  longitudinally,  but  either  remain- 
ing always  closed,  as  Cassia  Fistula,  or  separating  into  pieces 
at  transverse  contractions  along  its  length,  as  Ornithopus. 

Tlie  following  are  enumerated  as  stpurious  fruits. 

13.  Strobibis,  an  Amentum  the  scales  of  which  have  be- 
come woody.      Pinus. 

14.  Spurious  capside.     Fagus,  Rumex,  Carex. 

15.  Spurious  nut.     Trapa,  Coix,  Mirabilis. 

16.  Spurious  drupe.     Taxus,  Anacardium,  Semecarpus. 

17.  Sjmrious  bacca.     Juniperus,  Fragaria,  Basella. 

By  this  author  the  names  of  fruits  are,  perhaps,  more  loosely 
and  inaccurately  applied  than  by  any  other. 

Link  objects  to  applying  particular  names  to  variations  in 
anatomical  structure ;  observing,  "  that  botanists  have  strayed 
far  from  the  right  road  in  distinguishing  these  terms  by  cha- 
racters which  are  precise  and  difficidt  to  seize.  Terms  are 
only  applied  to  distinct  parts,  as  the  leaf,  peduncle,  calj-x,  and 
stamens,  and  not  to  modifications  of  them.  Who  has  ever 
thought  of  giving  a  distinct  name  to  a  labiate  or  papilionaceous 
corolla,  or  who  to  a  pinnated  leaf?"  But  this  sort  of  reason- 
ing is  of  little  value  if  it  is  considered  that  the  fruit  is  subject 
to  infinitely  greater  diversity  of  structure  than  any  other  organ, 
and  that  names  for  these  modifications  have  become  necessary, 
for  the  sake  of  avoiding  a  minute  explanation  of  the  complex 
differences  upon  which  they  depend.  Besides,  to  admit,  as 
Link  actually  does,  such  names  as  capsula,  &c.  is  abandoning 
the  argument ;  and  when  the  following  definitions,  which  this 
learned  botanist  has  proposed,  are  considered,  I  think  that 
little  doubt  need  exist  as  to  whether  terms  should  be  employed 
in  the  manner  recommended  by  himself,  or  with  the  minute 
accuracy  of  the  French.  According  to  Professor  Link,  the 
following  are  the  limits  of  Carpological  nomenclature  :  — 

1.   Copsvla,  any  dry  membranous  or  coriaceous  pericarp. 
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2.  Capsella,  the  same,  if  small  and  one-seeded. 

3.  Nux,  externally  hard. 

4.  Nucula,  externally  hard,  small,  and  one-seeded. 
.5.  Drupa,  externally  soft,  internally  hard. 

6.  Pomum^  fleshy  or  sncculent,  and  large. 

7.  Bacca,  fleshy  or  succulent,  and  small. 

8.  Bacca  sicca,    fleshy  when  unripe,    dry  when   ripe,  and 
then  distinguishable  from  the  capsule  by  not  being  brown. 

'.  .        '  r  the  pericarps  of  certain  natm'al  orders. 

10.  Siliqua,  J 

11.  Amphispermium,  a  pericarpium  which  is  of  the  same 
figure  as  the  seed  it  contains. 

In  more  recent  times  there  have  been  three  principal 
attempts  at  classing  and  naming  the  different  modifications  of 
fruit ;  namely,  those  of  Richard,  Mirbel,  and  Desvaux.  These 
writers  have  all  distinguished  a  considerable  number  of  varia- 
tions,  of  which  it  is  important  to  be  aware  for  some  purposes, 
although  their  nomenclature  is  not  much  employed  in  practice. 
But,  in  proportion  as  the  utility  of  a  classification  of  fruit  con- 
sists in  its  theoretical  explanation  of  structure  rather  than  in 
a  strict  applicability  to  practice,  it  becomes  important  that  it 
should  be  founded  upon  characters  which  are  connected  with 
internal  and  physiological  distinctions  rather  than  with  external 
and  arbitrary  forms.  Viewing  the  subject  thus,  it  is  not  to  be 
concealed  that,  notwithstanding  the  undoubted  experience  and 
talent  of  the  writers  jvist  mentioned,  their  carpological  systems 
are  essentially  defective.  Besides  this,  each  of  the  three  writers 
has  felt  himself  justified  in  contriving  a  nomenclature  at  vari- 
ance with  that  of  his  predecessors,  for  reasons  which  it  is  diffi- 
cult to  comprehend. 

If  a  complete  carpological  nomenclature  is  to  be  established, 
it  ought  to  be  carried  farther  than  has  yet  been  done,  and  to 
depend  upon  principles  of  a  more  strictly  theoretical  charac- 
ter. I  have  accordingly  ventured  to  propose  a  new  arrange- 
ment, in  which  an  attempt  has  been  made  to  adjust  the  syno- 
nyms of  carpological  writers,  and  in  which  the  names  that 
seem  to  be  most  legitimate  are  retained  in  every  case,  their 
definitions  only  being  altered;  previously  to  which  I  shall 
briefly  explain  the  methods  of  Richard,  Mirbel,  and  Desvaux. 
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The  Arrangement  of  Richard. 


Class  1.   Simple  fruits. 
§  1.  Dry. 

*  Indehiscent. 

*  *   Dehiscent. 
§  2.   Fleshy. 

Class  2.  Multiplied  fruits. 

Class  3.  Aggregate  or  compound  fruits. 


The  Arrangement  of  Mirbel. 

Class  1.  Gymnocarpiens.     Fruit  not  disguised  by  the  adher- 
ence of  any  other  organ  than  the  calj'x. 

Ord.  1.  Carcerulaires.     Pericarpium    indehiscent,    but 
sometimes  with  apparent  sutures,  generally  dry,  su- 
perior, or  inferior,  mostly  unilocular  and  monosper- 
'  mous,  sometimes  plurilocular  and  polyspermous. 

Ord.  2.  Capsulaires.  Pericarpium  dr^-^,  superior,  or 
inferior,  opening  by  valves,  but  never  separating 
into  distinct  pieces  or  cocci. 

Ord.  3.  Dieresiliens.  Pericarpium  superior  or  inferior, 
dr}',  regular,  and  monocephalous  (that  is,  having 
one  common  style),  composed  of  several  distinct 
pieces  arranged  systematically  round  a  central  real 
or  imaginary  axis,  and  separating  at  maturity. 

Ord.  4.  Etairionaires.  Pericarps  several,  irregular, 
superior,  one  or  many-seeded,  with  a  suture  at 
the  back. 

Ord.  5.  Cenobionaires.  A  regular  fruit  divided  to  the 
base  into  several  acephalous  pericai'pia;  that  is  to 
say,  not  marked  on  the  summit  by  the  stigmatic  scar, 
the  style  havinoj  been  inserted  at  their  base. 

Ord.  6.  Driqmcees.  Pericarpium  indehiscent,  fleshy 
externally,  bony  internally. 

Ord.  7.  Bacciens.     Succulent,  many-seeded. 
Class  2.  Angiocarpiens.     Fruit  seated  in  envelopes  not  form- 
ing part  of  the  calyx. 
()  2 
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The  Arrangement  of  Desvaux. 

Class  1 .   Pericarpium  dry. 

Ord.  1.   Simple  fruits. 
§  Indehiscent. 
§  §  Dehiscent. 
Ord.  2.  Dry  compound  fruits. 
Class  2.   Pericarpium  fleshy. 
Ord.  1.   Simple  fruits. 
Ord.  2.  Compound  fruits. 

In  explanation  of  the  principles  upon  which  the  classifica- 
tion of  fruit  which  I  now  venture  to  propose  is  founded,  it 
will  of  course  be  expected  that  I  should  offer  some  obser\'- 
ations.     In  the  first  place,  I  have  made  it  depend  primarily 
upon  the  structure  of  the  ovary,  by  which  the  fruit  is  of  neces- 
sity influenced  in  a  greater  degree  than  by  any  thing  else,  the 
fruit  itself  being  only  the  ovary  matured.     In  using  the  terms 
simple  and  compound,  I  have  employed  them  precisely  in  the 
sense  that  has  been  attributed  to  them  in  my  remarks  upon 
the  ovary ;  being  of  opinion  that,  in  an  arrangement  like  the 
following  and  those  which  have  preceded  it,  in  which  theoreti- 
cal rather  than  practical  purposes  are  to  be  served,  the  princi- 
ples on  which  it  depends  should  be  conformable  to  the  strictest 
theoretical  rules  of  structure.     A  consideration  of  the  fruit 
without  reference  to  the  ovary  necessarily  induces  a  degree  of 
uncertainty  as  to  the  real  nature  of  the  fruit ;  the  abortion  and 
obliteration,  to  which  almost  every  part  of  it  is  more  or  less 
subject,  often   disguising  it  to  such  a  degree  that  the  most 
acute  carpologist  would  be  unable  to  determine  its  true  struc- 
ture from  an  examination  of  it  in  a  ripe  state  only.     In  simple 
fi'uits  are  stationed  those  forms  in  which  the  ovaries  are  multi- 
plied so  as  to  resemble  a  compound   fruit  in  every  respect 
except  their  cohesion,  they  remaining  simple.     But,  as  the 
passage  which  is  thus  formed  from  simple  to  compound  fruits 
is  deviated  from  materially  when  the  ovaries  are  placed  in 
more  than  a  single  series,  I  have  found  it  advisable  to  consti- 
tute a  particular  class  of  such  vuider  the  name  of  aggregate 
fruit.     Care  must  be  taken  not  to  confound  these  with  the 
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fourth  class  containing  collective  fruits,  as  has  been  done  by 
more  carpologists  than  one.  While  the  true  aggregate  fruit 
is  produced  by  the  ovaries  of  a  single  flower,  a  collective 
fruit,  if  aggregate,  is  produced  by  the  ovaries  of  many  flowers ; 
a  most  important  difference.  As  the  pericarp  is  necessarily 
much  affected  by  the  caH'x  when  the  two  adhere  so  as  to  form 
a  single  body,  it  is  indispensable,  if  a  clear  idea  is  to  be 
attached  to  the  genera  of  carpology,  that  inferior  or  superior 
fruits  should  not  be  confounded  under  the  same  name :  for 
this  reason  I  have  in  all  cases  founded  a  distinction  upon  that 
character. 

In  order  to  facilitate  the  knowledge  of  the  limits  of  the 
genera  of  carpology,  the  following  analytical  table  will  be 
found  convenient  for  reference.  It  is  succeeded  by  the  cha- 
racters of  the  genera  in  as  much  detail  as  is  necessary  for  the 
perfect  understanding  of  their  application. 


a««  7.    Fruit  simple.      APOCARPI. 

One  or  two-seeded. 

Membranous,     -              .              -              . 

Utriculus. 

Dry  and  bony             .              .              _ 

ACHENIUM. 

Fleshy  externally,  bony  internally, 

-     Drupa. 

Many-seeded. 

Dehiscent. 

One-valved,           -               _               . 

FoLLICULUS. 

Two-valved. 

-     Legumen. 

Indehiscent,          .              _              _              _ 

-        LoMENTUM. 

Class  II.   Fruit  aggregate.      AGGREGATI. 

Ovaria  elevated  above  the  calyx. 

Pericarpia  distinct,          -              -               . 

-     Et^rio. 

Pericarpia  cohering  into  a  solid  mass, 

-     Sykcarpium. 

Ovaria  enclosed  within  the  fleshy  tube  of  the  calyx. 

-     Cynarrhodum 

Class  III.    Fruit  compound.      SYNCARPI. 

Sect.  I .      Superior. 

A.      Pericarpium  dry  externally. 

Indehiscent. 

One-celled.          _              _              - 

-     Cahvopsis. 

Many-celled. 

Dry  internally. 

Apterous 

CAliCERULUS. 

Winged, 

-     Samara. 

Pulpy  internally, 

Amphisarca. 

Dehiscent. 

By  a  transverse  suture. 

-     Pyxiimum. 

By  elastic  cocci. 

Regma. 
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By  a  longitudinal  suture, 

CONCEFTACULUM. 

By  valves. 

Placentae   opposite    the    lobes    of  the 

btigma. 

Linear,                -                -              - 

SiLIQUA. 

Roundish,              -              -              - 

SiLlCULA. 

Placentae  alternate  with  the  lobes  of 

the  stigma. 

Valves  separating  from  the  replum, 

Ceratium. 

Replum  none. 

Capsula. 

15. 

Pericarpium  fleshy. 
Indehiscent. 

Sarcocarpium  sejjarable, 

Hesperidiu-ai. 

Sarcocarpium  inseparable, 

NUCULANIUM. 

Dehiscent,       _             -             -              -              - 

Tryjia. 

Sect  2. 

Inferior. 

A. 

Pericarpium  dry. 
Indehiscent. 

Cells  two  or  more,             .... 

Cremocarpium 

Cell  one. 

Surrounded  by  a  cupulate  involucrum, 

Glans. 

Destitute  of  a  cupula, 

Cypsela. 

Dehiscent  or  rupturing,              -              -              - 

DlPLOTEGIA. 

B. 

Pepicarpium  fleshy. 
Epicarpium  hard. 

Seeds  parietal,                .                -                - 

Pepo. 

Seeds  not  parietal,              .              .             _ 

Balausta. 

Epicarpium  soft. 

Ceils  obliterated  :   or  unilocular. 

Bacca. 

Cells  distinct,           .            -               .              . 

POMUM. 

Class  IV.   Collective  fruits.      ANTHOCARPI. 
Single. 

Perianthum  indurated,  dry, 
Perianthum  flesliy. 
Aggregate. 

Hollow,  ... 

Convex. 

An  indurated  amentum, 
A  succulent  spike. 


DiCLESIUM. 

Sphalekocar- 

PIUM. 

Syconijs. 

Strobilus. 
Sorosis. 


Class  I.    Fruit  simple.      A  P  O  C  A  R  PI . 

Ovaria  strictly  simple  ;    a  single  seiies  tnily  produced  by  a  single  flower. 

I.  Utriculus,  Gartner.  —  (Cystidium,  X.f;M-.) 

One-celled,  one  or  few-seeded,  superior,  membranous,  frequently  dehiscent 
by  a  transverse  incision.  This  differs  from  the  pyxis  in  texture,  being  strictly 
simple,  i.  e.   not  proceeding  from  an  ovarium  with  obliterated  dissepiments. 

Example.  —  Amaranthus,  Clienopodium. 

II.  AcHENiuM  ;    (Akenium,  of  «io«y  ;    Spermidium  ;    Xylodium,  Z^ejz;.  ;    The- 

cidium,  Mirb.  ;   Nux,  Linn.) 
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One-seeded,  one-celled,  superior,  iiideliisieut,  hard,  dry,  wiili  the  iiuegu- 
uients  of  the  seed  distinct  from  it. 

Linnaus  includes  this  among  his  seeds,  definhig  it  "  semen  tectum  epider- 
mide  ossea."  I  have  somewhere  seen  it  named  Spermidium;  a  good  term  if 
it  were  wanted.      M.  Dcsvaux  calls  the  nut  of  Anacardium  a  Xylodium- 

Examples.  —  Lithospermura,  Borage. 

HI.      Drupa. — Dru})c, — fig.  164. 

One-celled,  one  or  two-seeded,  superior,  indehiscent,  the  outer  coat(7WM- 
cum)  soft  and  fleshy,  and  separable  from  the  inner  or  endocarpiwn  (the  stonej, 
which  is  hard  and  bony ;  proceeding  from  an  ovarium  which  is  perfectly 
simple.  This  is  the  strict  definition  of  the  term  drupa,  which  cannot  strictly 
be  applied  to  any  compound  fruit,  as  that  of  Cocos,  certain  Verbenaceae,  and 
others,  as  it  often  is.  Fruits  of  the  last  description  are  generally  carcerules 
with  a  drupaceous  coat.  The  stone  of  this  fruit  is  the  2\^ux  of  Richard,  but  not 
of  others. 

Examples.  —  Peach,  Plum,  Apricot. 

1\^      FoLLicuLus. — Follicle   (Hemigyrus,    Desvaux  ;    Plopocarpium,    Desv.), 

One-celled,  one  or  many-seeded,  one-valved,  superior,  dehiscent  by  a 
suture  along  its  face,  and  bearing  its  seeds  at  the  base,  or  on  each  margin  of 
the  suture.  Tiiis  differs  from  the  legumen  in  nothing  but  its  having  one 
valve  instead  of  two.  The  Hemigyrus  of  Desvaux  is  the  fruit  of  Proteaceae, 
and  differs  from  the  follicle  in  nothing  of  importance.  When  several  follicles 
are  in  a  single  flower,  as  in  Nigella  and  Delphinium,  they  constitute  a  form  of 
fruit  called  Plopocarpium  by  Desvaux,  and  admitted  i.ito  his  Etterio  by 
Mirbel. 

Examples.  —  Paonia,  Banksia,  Nigella. 

V.  Legumen.  — Poc/ (Legumen,  Linn.  ;   Gousse,  Fr.),Jig.  137,  138. 
One-celled,  one  or  many-seeded,  two-valved,  superior,  dehiscent  by  a  suture 

along  both  its  face  and  its  back,  and  bearing  its  seeds  on  each  margin  of  the 
ventral  suture.  This  difiers  from  tiie  follicle  in  nothing  except  its  dehiscing  by 
two  valves.  In  Astragalus  two  spurious  cells  are  forined  by  the  projection 
inwards  of  either  the  dorsal  or  ventral  suture,  which  forms  a  sort  of  dissepiment ; 
and  in  Cassia  a  great  number  of  transverse  diaphragms  (phragmata)  are  formed 
by  projections  of  the  placenta.  Sometimes  the  legumen  is  indehiscent,  as  in 
Cathartocarpus,  Cassia  fistula,  and  others  ;  but  the  line  of  dehiscence  is  in  such 
species  indicated  by  the  presence  of  sutures.  When  the  two  sutures  of  the 
legumen  separate  from  the  valves,  they  form  a  kind  of  frame  called  replum,  as 
in  Carmichaelia. 

Examples.  —  Bean,  Pea,  Clover. 

VI.  LojiENTUM.  —  (Legumen  lomentaceura.  Rich.) 

Differs  from  the  legumen  in  being  contracted  in  the  spaces  between  such 
seed,  and  there  separating  into  distinct  pieces,  or  indehiscent,  but  divided  by 
internal  spurious  dissepiments,  whence  it  appears  at  maturity  to  consist  of  many 
articulations  and  divisions. 

Example.  —  Ornithopus. 

Class  II.     Fruit  aggregate.      AGGREGATL 

Ovaria  stricllj/  simple ;  more  than  a  single  series  produced  hi/  each  Jlowcr. 
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VII.  Et^rio,  Mr6. — ("  Polychorion,  MjV6.  ;"  Volysecus,  Bewaux  ;  Amalthea, 

Desv.  ;   'ErythrosXomnm,  Desvaux),  fig.  162. 

Ovaries  distinct ;  pericarpia  indeliiscent,  either  dry  upon  a  dry  receptacle,  as 
Ranunculus,  dry  upon  a  fleshy  receptacle,  as  strawberry,  or  fleshy  upon  a 
dry  receptacle,  as  Rubus.  The  last  is  very  near  the  syncarpium,  from  which 
it  diflTers  in  the  ovaria  not  coalescing  into  a  single  mass.  It  is  Desvaux's 
Erythrostomum.  This  term  is  applied  less  strictly  by  M.  Mirbel,  who  admits 
into  it  dehiscent  pericarpia,  not  placed  upon  an  elevated  receptacle,  as  Delphi- 
nium and  PsBonia  ;  but  the  fruit  of  these  plants  is  better  understood  to  be  a 
union  of  several  foUicules  within  a  single  flower.  If  there  is  no  elevated 
receptacle,  we  have  Desvaux's  Amalthea.  The  parts  of  an  Etsrio  are 
x'i.chenia. 

Examples.      Ranunculus,  Fragaria,  Rubus. 

VIII.  Syncarpium.  —  (Syncarpium,  JJic/i. ;   Asimina,  Z'ew. ) 
Ovaries  cohering  into  a  solid  mass,  with  a  slender  receptacle. 
Examples-      Annona,  Magnolia. 

IX.  Cynarrhodum. — (Cynarrhodum,  Officin.  Desvaux.) 

Ovaries  distinct ;  pericarpia  hard,  indehiscent,  enclosed  within  the  fleshy 
tube  of  a  calyx. 

Examjiles.      Rosa,  Calycanthus. 

Class  III.      Fruit  compound.      SYNCARPI. 
Ovaria  compound. 

Sect.  1.      Fruit  superior. 
A.      Pericarpium  dry. 

X.  Caryopsis. — ( Cariopsis,  i?jc/i. ;    Curio,  Mirb.) 

One  celled,  one-seeded,  superior,  indehiscent,  dry,  with  the  integuments  of 
the  seed  cohering  inseparably  with  the  endocarpium,  so  that  the  two  are  undis- 
tinguishable  ;  in  the  ovarium  state  evincing  its  compound  nature  by  the  pre- 
sence of  two  or  more  stigmata ;  but  nevertheless  unilocular,  and  having  but 
one  ovulum. 

Examples.      Wheat,  Barley,  Maize. 

XI.  —  Reg-ma,  Mirb.  ;  — (Elaterium,  Rich.  ;   Capsula  tricocca,  L.) 

Three  or  more  celled,  few-seeded,  superior,  dry,  the  cells  bursting  from  the, 
axis  with  elasticity  into  two  valves.  The  outer  coat  is  frequently  softer  than 
the  endocarpium  or  inner  coat,  and  separates  from  it  when  ripe  ;  such  regmata 
are  drupaceous.      The  cells  of  this  kind  of  fruit  are  called  cocci. 

Example.     Euphorbia. 

XII.  Carcerulus,  il/irfi. ; — (Dieresilis,  il/jri. ;  Csenobio,  Mirb.;  Synochorion, 

Mirb.;     Sterigmum,    Desvaux ;     Microbasis,    Desvaux ;     Polexostylus, 
Mirb.;  Saxcoh-dsis,  Dec,  Desv. ;   Baccaularius,  Z>e5i,'.) 
Many-celled,  superior  :  cells  dry,  indehiscent,   few-seeded,   cohering  by   a 
common  style  round  a  common  axis.     From  this  the  Dieresilis  of  Mirbel  does 
not  differ  in  any  essential  degree.      The  same  writer  calls  the  fruit  of  Labiatre 
{fig.  162.),  which  Linn»us  and  his  followers  mistake  for  naked  seeds,  Caeno- 
bio  :   it  differs  from  the  Carcerulus  in  nothing  but  the  low  insertion  of  the  style 
into  the  ovaria,  and  the  distinctness  of  the  latter. 
E.ramjtlcs.     Tilia,  Tropaeolum,  Malva. 
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XIII.  Samara,  Gcertn. ; — AVj/.  ( Pteridium,  Mlrb.;  Pterodiuin,  ZJfsi;.),/g.  143. 
Two  or  more  celled,  superior;  cells  few-seeded,  indehiscent,  dry  ;  elongated 

into  wing-like  expansions.    This  is  nothing  but  a  modification  of  the  Carcerule. 
Examples.      Fraxinus,  Acer,  Ulmus. 

XIV.  Pyxidium   (Pyxidium,   Ehr.,   Rich.,   Mirb. ;   Capsula  circumscissa,  L.), 

Jig.  153. 

One-celled,  many-seeded  ;  superior,  or  nearly  so ;  dry,  often  of  a  thin  tex- 
ture;  dehiscent  by  a  transverse  incision,  so  th»t  when  ripe  the  seed  and  their 
placenta  appear  as  if  seated  in  a  cup,  covered  with  a  lid.  This  fruit  is  one- 
celled  by  the  obliteration  of  the  dissepiments  of  several  carpella,  as  is  apparent 
from  the  bundles  of  vessels  which  pass  from  the  style  through  the  pericarpium 
down  into  the  receptacle. 

Example.      Anagallis. 

XV.  CoNCEPTACuLiiM,    ( Conccptaculum,    Linn. ;    Double    Follicule,    Mirb.), 

jig.  139,  140. 

Two-celled,  many-seeded,  superior,  separating  into  two  portions,  the  seeds 
of  which  do  not  adhere  to  marginal  placentse,  as  in  the  folliculus,  to  which  this 
closely  approaches,  but  separate  from  their  placentae,  and  lie  loose  in  the  cavity 
of  each  cell. 

Examples.      Asclepias,  Echites. 

XVI.  SiHQUA,  Linn. Jig.  155,  156,  157. 

One  or  two-celled,  many-seeded,  superior,  linear,  dehiscent  by  two  valves 
separating  fiom  the  replum ;  seeds  attached  to  two  placentas  adhering  to  the 
replum,  and  opposite  to  the  lobes  of  the  stigma.  The  disLepiment  of  this  fruit 
is  considered  a  spurious  one  formed  by  the  projecting  placentas,  which  some- 
times do  not  meet  in  the  middle ;  in  which  case  the  dissepiment  or  phragma 
has  a  slit  in  its  centre,  and  is  said  to  bejenestrate. 

XVII. —  SiLicuLA,  Linn. 

This  differs  from  the  latter  in  nothing  but  its  figure,  and  in  containing  fewer 
seeds.    It  is  never  more  than  four  times  as  long  as  broad,  and  often  much  shorter. 
Examples.     Thlaspi,  Lepidium,  Lunaria. 


XVIII.  Ceratium. —  (Capsula  siliquiformis,  Dec.  :  Conceptaculum,  Desv.) 
One-celled,  many-seeded,  superior,  linear,  dehiscent  by  two  valves  separat- 
ing from  the  replum  ;  seeds  attached  to  two  spongy  placentae  adhering  to  the 
replum,  and  alternate  with  the  lobes  of  the  stigma.  Differs  from  the  siliqua  in 
the  lobes  of  the  stigma  being  alternate  with  tlie  placentae,  not  opposite.  This, 
therefore,  is  regular,  while  that  is  irregular  in  structure. 

Examples,     Glaucium,  Corydalis,  Hypecoum. 

XIX.  Capsula,  Capsule,Jig.  146,  147.  151,  152.  135,  136. 

One  or  many-celled,  many-seeded,  superior,  dry,  dehiscent  by  valves,  always 
proceeding  from  a  compound  ovarium.  The  valves  are  variable  in  their 
nature  :  usually  they  are  at  the  top  of  the  fruit,  and  equal  in  number  to  the 
cells  ;  sometimes  they  are  twice  the  number  ;  occasionally  they  resemble  little 
pores  or  holes  below  the  summit,  as  in  the  Antirhinum. 

Examjyles.     Digitalis,  Primula,  Rhododendron. 

XX.  Amfhisarca.  —  (Amphisarca,  Desv.) 


202  ORGANOGRAPHY.  BOOK  I. 

Many-celled,  many-seeded,  superior,  indehiscent ;  indurated  or  woody  exter- 
nally, pulpy  internally. 

Examples.      Omphalocarpus,  Adansonia,  Crescentia. 
B.    Pericarpium  flesliy. 

XXI.  Tryma. — (Tryma,  Watson.) 

Superior,  by  abortion  one-celled,  one-seeded,  with  a  two-valved  indehiscent 
endocarpium,  and  a  coriaceous  or  fleshy  valveless  sarcocarpium. 
Example.      Juglans. 

XXII.  NucuLANiuM. —  (Nuculanium,  Rich;   "Bacca,  Desvaux.) 

Two  or  more  celled,  few  or  many-seeded,  superior,  indehiscent,  fleshy,  of 
the  same  texture  throughout,  containing  several  seeds,  improperly  called 
nucules  by  the  younger  Richard.  This  differs  scarcely  at  all  from  the  berry, 
except  in  being  superior. 

Examples.      Grape,  Achras. 

XXIII.  IIesi'eridium (Hesperidium,    Desv.  Rich.) 

Many-celled,  few-seeded,  superior,  indehiscent,  covered  by  a  spongy  separ- 
able rind;  the  cells  easily  separable  from  each  other,  and  containing  a  mass  of 
pulp,  in  which  the  seeds  are  imbedded.  The  pulp  is  formed  by  the  cellular 
tissue,  which  forms  the  lining  of  the  cavity  of  the  cells  :  this  cellular  tissue  is 
excessively  enlarged  and  succulent,  is  filled  with  fluid,  and  easily  coheres  into 
a  single  mass.  The  external  rind  is  by  M.  De  Candolle  supposed  to  be  an 
elevated  discus  of  a  peculiar  kind,  analogous  to  that  within  which  the  fruit  of 
Nelumbium  is  seated ;  and  perhaps  its  separate  texture  and  slight  connexion 
with  the  cells  of  the  fruit  seem  to  favour  this  supposition.  But  it  is  diflScult 
to  reconcile  with  such  an  hypothesis  the  continuity  of  the  rind  with  the  style 
and  stigma,  which  is  a  sure  indication  of  the  identity  of  their  origin  ;  and  it  is 
certain  that  the  shell  of  the  ovarium  and  the  pericarpiimi  are  the  same.  The 
most  correct  explanation  of  this  structure  is  to  consider  the  rind  a  union  of  the 
epicarp  and  sarcocarp,  analogous  to  that  of  the  drupa. 

Example.     Orange. 

Sect.  2.    Fruit  inferior. 

A.   Pericarpium  dry. 

XXIV.  Glans    (Glans,    Linn-,  Desv-:    Calybio,  Mirb.  ;    Nucula,    Desvaiix), 

fig.  \65. 

One-celled,  one  or  few-seeded,  inferior,  indehiscent,  hard,  dry  ;  proceeding 
from  an  ovarium  containing  several  cells  and  several  seeds,  all  of  which  are 
a))ortive  but  one  or  two ;  seated  in  that  kind  of  persistent  involucre  called 
a  cupule.  The  pericarpium  is  always  crowned  with  the  remains  of  the  teeth 
of  the  calyx  ;  but  they  are  exceedingly  minute,  and  are  easily  overlooked. 
Sometimes  the  gland  is  solitary,  and  quite  naked  above,  as  in  the  common  oak  ; 
sometimes  there  is  more  than  one  completely  enclosed  in  the  cupule,  as  the 
beech  and  sweet  chestnut. 

Exatnples.      Quercus,  Corylus,  Castanea. 

XXV.  Cypsela    (Akena,    Necker ;     Akenium,   Rich.;     Cypsela,   Mirh. ;     Ste- 

phanoum,  Desv.),  fig.  148,  H9. 
One-seeded,  one-celled,  indehiscent,  with  the  integuments  of  the  seed  not 
cohering  with  the  endocarpium ;  in  the  ovarium  state  evincing  its  compound 
nature  by  the  presence  of  two  or  more  stigmata  ;   but  nevertheless  unilocular 
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and  liaving  but  one  ovulum.  Such  is  the  true  structure  of  the  Achcniuni; 
but  as  that  term  is  often  applied  to  the  simple  superior  fruits,  called  Nux  by 
Linnaeus,  I  have  thought  it  better,  in  order  to  avoid  confusion,  to  adopt  the 
name  Cypsela. 

Examples.     All  Composite. 

XXVI.  Cremocarpium    (Cremocarpium,    Mirb.  ;     Polakenium,    or    Pentake- 

nium.  Rich.  ;   Carpadelium,  Desv.),Jig.  154,  155.  159,  160. 

Two  to  five-celled,  inferior;  cells  one-seeded,  indehiscent,  dry,  perfectly 
close  at  all  times;  when  ripe  separating  from  a  common  axis.  M.  Mirbil 
confines  the  application  of  Cremocarpium  to  Umlielliferce  ;  but  it  is  better  to 
let  it  apply  to  all  fruits  which  will  come  within  the  above  definition.  It  will 
then  be  the  same  as  Richard's  Polakenium,  excluding  those  forms  in  which  the 
fruit  is  superior.  The  latter  botanist  qualifies  his  term  Polakenium  according 
to  the  number  of  cells  of  the  fruit :  thus  when  there  are  two  cells  it  is  diakenium, 
three  triakenium,  and  so  on.  M.  De  Candolle  calls  the  half  of  the  fruit  of 
Umbelliferae  mericarp. 

Examples.     Umbelliferae,  Aralia,  Galium. 

XXVII.  DiPLOTEGiA  (Diplotegia,  Dtsv.),  fig.  145. 

One  or  many-celled,  many-seeded,  inferior,  dry,  usually  bursting  either  by 
pores  or  valves.  This  differs  from  the  Capsule  only  in  being  adherent  to  the 
calyx. 

Exatnples.     Campanula,  Leptospermum. 

B.    Pericarpium  fleshy. 

XXVIII.  PoMUM,  Apple  or  Pome. —  (Melonidium,  Bzc/;.  ;   Pyridium,  3/iVi.  ,- 
Pyrenarium,  Z)esOTMJ; ;   Antrava,  Moench.)  fig.  166. 

Two  or  more  celled,  few-seeded,  inferior,  indehiscent,  fleshy  ;  the  seeds  dis- 
tinctly enclosed  in  dry  cells,  with  a  bony  or  cartilaginous  lining,  formed  by  the 
cohesion  of  several  ovaria  with  the  sides  of  the  fleshy  tube  of  a  calyx,  and  some- 
times with  each  other.  These  ovaria  are  called  parietal  by  M.  Richard.  Some 
forms  of  Nuculanium  and  this  differ  only  in  the  former  being  distinct  from  the 
calyx. 

Examples-     Apple,  Cotoneaster,  Crataegus. 

XXIX.  Pepo.  —  (Peponida,  Rich.) 

One-celled,  many-seeded,  inferior,  indehiscent,  fleshy ;  the  seeds  attached  to 
parietal  pulpy  placentae.  This  fruit  has  its  cavity  frequently  filled  at  maturity 
with  pulp,  in  which  the  seeds  are  imbedded  ;  their  point  of  attachment  is,  how- 
ever, never  lost.  The  cavity  is  also  occasionally  divided  by  projections  of  the 
placenta  into  spurious  cells,  which  has  given  rise  to  the  belief  that  in  Pepo  Ma- 
crocarpus  there  is  a  central  cell,  which  is  not  only  untrue  but  impossible. 

Examples.      Cucumber,  Melon,  Gourd. 

XXX.  Bacca,  ^erry  (Bacca,  i. ;    Acrosarcum,  Desvaux),  fig.  161. 
Many-celled,  many-seeded,  inferior,  indehiscent,  pulpy  ;  the  attachment  of 

the  seeds  lost  at  maturity,  when  they  become  scattered  in  the  substance  of  the 
pulp.      This  is  the  true  meaning  of  the  term  berry ;  which  is,  however,  often 
otherwise  applied,  either  from  mistaking  nucules  for  seeds,  or  from  a  mis- 
apprehension of  the  strict  limits  of  the  term. 
Exiunple.  -   Ribes. 
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XXXI.  Balausta. — (Balausta,  Ufficin.  Rich.) 

Many-celled,  many-seeded,  inferior,  indehiscent ;  the  seeds  with  a  pulpy 
coat,  and  attached  distinctly  to  their  placentee.  The  rind  was  called  Malicorium 
by  RuelHus. 

Example.      Pomegranate. 

Class  IV.      Collective  Fruits.      Anthocabpi. 

Fruit  of  ivhich  the   jrrincipal  characters  are  derived  from  the  thickened  floral 
envelopes. 

XXXII.  DicLEsiuM.  —  (Dyclesium,  Desvaux ;  Scleranthum,  Moench  ;  Catacle- 

sium,  Desvaux ;   Sacellus,  Mirb.) 
Pericarpium  indehiscent,  one-seeded,  enclosed  within  an  indurated  perian- 
thium. 

Examples.     Mirabilis,  Spinacia,  Salsola. 

XXXIII.  Sphalerocarpum, —  ( Sphalerocarpum,    Desv.  ;     Nux     baccato   «/' 
authors.) 

Pericarpium  indehiscent,  one  seeded,  enclosed  within  a  fleshy  pcriantliium. 
Examples.      Hippophae,  Taxus,  Blitum,  Basella. 

XXXIV.  Stconus (Syconus,  Mirb.) 

A  fleshy  rachis,  having  the  form  of  a  flattened  disk,  or  of  a  hollow  receptacle, 
with  distinct  flowers  and  dry  pericarpia. 
Examples.      Ficus,  Dorstenia,  Ambora. 

XXXV.  Strobilus,     Cone    (Conus,    or    Strobilus,     Rich.,     Mirb.;    Galbulus 

GcBrtn. ;    Arcesthide,    Desvaux ;    Cachrys,   Fuchs ;    Filula,    Fiuiy), 
fig.  166. 
An  amentum,  the  carpella  of  which  are  scale-like,  spread  open,  and  bear 
naked  seeds ;  sometimes  the  scales  are  thin,  with  little  cohesion  ;  but  they  often 
are  woody,  and  cohere  into  a  single  tuberculated  mass. 

The   Galbulus  differs  from  the  Strobilus  only  in  being  round,  and  having 
the  heads  of  the  carpella  much  enlarged.      The  fruit  of  the  Juniper  is  a  Gal- 
bulus, with  fleshy  coalescent  carpella.      Desvaux  calls  it  Arcesthide. 
Example.      Pinus. 

XXXVI.  SoRosis. —  (Sorosis,  Mirb.) 

A  spike  or  raceme  converted  into  a  fleshy  fruit  by  the  cohesion  in  a  single 
mass  of  the  ovaria  and  floral  envelopes. 

Examjdes.     Ananassa,  Morus,  Artocarpus. 
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14.  Of  the  Seed. 
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As  the  fruit  is  the  ovary  arrived  at  maturity,  and  is  there- 
fore subject  to  the  same  laws  of  structure  as  the  latter;  so  is 
the  seed  the  ovule  in  its  most  perfect  and  finally  organised 
state,  and  constructed  upon  exactly  the  same  plan  as  the 
ovule.  But  as  the  fruit,  nevertheless,  often  differs  from  the 
ovary  in  the  suppression,  or  addition,  or  modification  of  certain 
portions,  so  is  the  seed  occasionally  altered  from  the  precise 
structure  of  the  ovule,  in  consequence  of  changes  of  like 
nature. 

The  seed  is  a  body  enclosed  in  a  pericarp,  is  clotlied  with 
its  own  integuments,  and  contains  the  rudiment  of  a  future 
plant.  It  is  the  point  of  development  at  which  vegetation 
stops,  and  beyond  which  no  increase,  in  the  same  direction 
with  itself,  can  take  place.  In  a  young  state  it  has  already 
been  spoken  of  under  the  name  of  ovule;  to  which  I  also 
refer  for  all  that  relates  to  the  insertion  of  seeds. 

That  side  of  a  seed  which  is  most  nearly  parallel  with  the 
axis  of  a  compound  fruit,  or  the  ventral  suture  or  sutural 
line  of  a  simple  fruit,  is  called  the  Juce,  and  the  opposite  side 
the  back.  In  a  compound  fruit  with  parietal  placentae,  the 
placenta  is  to  be  considered  as  the  axis  with  respect  to  the 
seed ;  and  that  part  of  the  seed  which  is  most  nearly  parallel 
with  the  placenta,  as  the  face.  Where  the  raphe  is  visible, 
the  face  is  indicated  bv  that. 


206  ORGANOGRAPHY.  BOOK  I. 

When  a  seed  is  flattened  lengthwise  it  is  said  to  be  com- 
pressed,  when  vertically  it  is  depressed ;  a  difference  which  it 
is  of  importance  to  bear  in  mind,  although  it  is  not  always 
easy  to  ascertain  it:  for  this  purpose  it  is  indispensable  that 
the  true  base  and  apex  of  the  seed  should  be  clearly  under- 
stood. The  base  of  a  seed  is  always  that  point  by  which  it  is 
attached  to  the  placenta,  and  which  receives  the  name  of 
hilum :  the  base  being  found,  it  would  seem  easy  to  deter- 
mine the  apex,  as  a  line  raised  perpendicularly  upon  the 
hilum,  cutting  the  axis  of  the  seed,  ought  to  indicate  the  apex 
at  the  point  where  the  line  passes  through  the  seed  coat ;  but 
the  apex  so  indicated  would  be  the  geometrical,  not  the  natural 
apex:  for  discovering  which  with  precision  in  seeds,  the 
natural  and  geometrical  apex  of  which  do  not  correspond, 
another  plan  must  be  followed.  If  the  skin  of  a  seed  be 
carefully  examined,  it  will  usually  be  found  that  it  is  com- 
posed in  great  part  of  lines  representing  rows  of  cellular 
tissue,  radiating  from  some  one  point  towards  the  base,  or, 
in  other  words,  of  lines  running  upwards  from  the  hilum  and 
meeting  in  some  common  point.  This  point  of  union  or 
radiation  is  the  true  apex,  which  is  not  only  often  far  removed 
from  the  geometi'ical  apex,  but  is  sometimes  even  in  juxta- 
position with  the  hilum,  as  in  mignionette:  in  proportion, 
therefore,  to  the  obliquity  of  the  apex  of  the  seed  will  be  the 
curve  of  its  axis,  which  is  represented  by  a  line  passing 
through  the  whole  mass  of  the  seed  from  the  base  to  the  apex, 
accurately  following  its  curve.  If  the  lines  above  referred  to 
are  not  easily  distinguished,  another  indication  of  the  apex 
resides  in  a  little  brown  spot  or  areola,  hereafter  to  be  men- 
tioned under  the  name  of  chalaza.  Where  there  is  no  in- 
dication either  externally  or  internally  of  the  apex,  it  may 
then  be  determined  geometrically. 

The  integuments  of  a  seed  are  called  the  testa;  the  rudi- 
ment of  a  future  plant,  the  embryo  (Plate  VI.  fig.  1.  Z>,  &c.) ; 
and  a  substance  interposed  between  the  embryo  and  the 
testa,  the  albumen  (fig.  1.  a,  5.  «,  &c.). 

The  testa,    called   also  lorica  by   IVIirbel,  perisperme  and 
cpisperme    by    Richard,   and  spermodermis  by   De   Candolie 
according  to  some  consists,  like  the  pericarp,  of  three  portions 


s; 
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VIZ.  1.  the  external  integument,  tunica  externa  of  Willde- 
now,  testa  of  De  Candolle;  2.  the  internal  integument, 
tunica  interna  of  Willdenow,  endojjleura  of  De  Candolle, 
hilofere  and  tegmen  of  Mirbel ;  and,  3,  of  an  intervening 
substance  answering  to  the  sarcocarp,  and  called  sarcodcrmis 
by  De  Candolle:  this  last  is  chiefly  present  in  seeds  with  a 
succulent  testa,  and  by  many  is  considered  a  portion  of  the 
outer  integument,  which  is  the  most  accurate  mode  of  under- 
standing it. 

The  Older  integument  is  either  membranous,  coriaceous, 
crustaceous,  bony,  spongy,  fleshy,  or  woody;  its  surface  is 
either  smooth,  polished,  rough,  or  v.inged,  and  sometimes  is 
furnished  with  hairs,  as  in  the  cotton  and  other  plants,  which, 
when  long,  and  collected  about  either  extremity,  form  what  is 
called  the  coma  (sometimes  also,  but  improperly,  the  pappus). 
It  consists  of  cellular  tissue  disposed  in  rows,  with  or  without 
bundles  of  vessels  intermixed:  in  colour  it  is  usually  of  a 
brown  or  similar  hue:  it  is  readily  separated  from  the  inner 
integument. 

\n  Maurandya  Barclaj'ana  it  is  formed  of  reticulated  cel- 
lular tissue;  in  Collomia  linearis  and  others  it  is  caused  by 
elastic  spirally  twisted  fibres  enveloped  in  mucus,  and  spring- 
ing outwards  when  the  mucus  is  dissolved ;  in  Casuarina  it 
(or  the  inner  integument)  contains  a  great  quantity  of  spirally 
fibrous  cellules.  In  the  genus  Crinum  it  is  of  a  very  fleshy, 
succulent  character,  and  has  been  mistaken  for  albumen, 
from  which  it  is  readily  known  by  its  vascularity.  According 
to  Brown,  a  peculiarly  anomalous  kind  of  partition,  which  is 
found  lying  loose  within  the  fruit  of  Banksia  and  Dryandra, 
without  any  adhesion  either  to  the  pericarp  or  the  seed,  is  a 
state  of  the  outer  integument.  It  is  said  that  in  those  genera 
the  inner  membrane  (secondine)  of  the  ovule  is,  before  fertili- 
sation, entirely  exposed,  the  primine  being  reduced  to  half, 
and  open  its  whole  length;  and  that  the  outer  membranes 
(primines)  of  the  two  collateral  ovules,  although  originally 
distinct,  finally  contract  an  adhesion  by  their  corresponding 
surfaces,  and  together  constitute  the  anomalous  dissepiment. 
But  it  may  be  reasonably  doubted   whether  the   integument 
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here  called  secundine  is  not  primine,  and  the  supposed  pri- 
mine  ariUus. 

The  inner  membrane  (secundine)  of  the  ovule,  however, 
in  general  appears  to  be  of  greater  importance  as  connected 
with  fecundation,  than  as  affording  protection  to  the  nucleus 
at  a  more  advanced  period.  For,  in  many  cases  before  im- 
pregnation, its  perforated  apex  projects  beyond  the  aperture 
of  the  testa,  and  in  some  plants  puts  on  the  appearance  of  an 
obtuse,  or  even  dilated  stigma;  while  in  the  ripe  seed  it  is 
often  either  entirelv  obliterated,  or  exists  onlv  as  a  thin  film, 
which  might  readily  be  mistaken  for  the  epidermis  of  a  third 
membrane,  then  frequently  observable. 

"  This  third  coat  (tercine)  is  formed  by  the  proper  mem- 
brane or  cuticle  of  the  nucleus,  from  whose  substance  in  the 
unimpregnated  ovule  it  is  never,  I  believe,  separable,  and  at 
that  period  is  very  rarely  visible.  In  the  ripe  seed  it  is  dis- 
tinguishable from  the  inner  membrane  only  by  its  apex, 
which  is  never  perforated,  is  generally  acute  and  more  deeply 
coloured,  or  even  sphacelated." 

Mirbel  has,  however,  justly  remarked  that  the  primine  and 
the  secundine  are,  in  the  seed,  very  frequently  confounded; 
and  that,  therefore,  the  word  testa  is  better  employed,  as  one 
which  expresses  the  outer  integument  of  the  seed  without 
reference  to  its  exact  origin,  which  is  practically  of  little  im- 
portance. The  tercine  is  also,  no  doubt,  often  absent.  He 
observes  that  these  mixed  integuments  often  give  rise  to  new 
kinds  of  tissue ;  that  in  Phaseolus  vulgaris  the  testa  consists, 
indeed,  of  three  distinct  layers,  but  of  those  the  innermost 
was  the  primine;  and  that  the  others,  which  represent  nothing 
that  pre-existed  in  the  ovule,  have  a  horny  consistence,  and 
are  formed  of  cylindrical  cellules,  which  elongate  in  the 
direction  from  the  centre  to  the  circumference.  And  this  is 
probably  the  structure  of  the  testa  of  many  Leguminosas. 

It  sometimes  happens  that  the  endopleura  (or  tercine?) 
thickens  so  much  as  to  have  the  appearance  of  albumen,  as 
in  Cathartocarpus  fistula.  In  such  a  case  it  is  only  to  be  dis- 
tinguished from  albumen  by  gradual  observation  from  the 
ovule  to  the  ripe  seed. 
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With  regard  to  the  quartine  and  quintine,  one  of  them  is 
occasionally  present  in  the  form  of  a  fleshy  sac  that  is  inter- 
posed between  the  albumen  and  the  ovule,  and  envelopes  the 
latter.     It   is  what  was  called  the  vitellus  by  Gsertner,  and 
what  Richard,  by  a  singular  prejudice,  considered  a  dilatation 
of  the  radicle  of  the  embryo  :  to  his  macropodal  form  of  which 
he  referred  the  embryo  of  such  plants.     Instances  of  diis  are 
found  in  Nymphjea  and    its  allies,  and  also  in   Scitaminese, 
peppers,  and   Saururus.      Brown,  who  first  ascertained  the 
fact,  considers  this  sac  to  be  alwaj^s  of  the  same  nature  and 
origin,  and  as  the  vesicula  colliquamenti  or  amnios  of  Malpio-hi. 
The  end  by  which  the  seed  is  attached  to  the  placenta  is 
called  the  hilum  or  umbilicus  (Plate  VI.  fig.  5.  c,  17.  e,  11.  c, 
&c.)  \  it  is  frequently  of  a  different  colour  from  the  rest  of  the 
seed,  not  uncommonly  being  black.       In  plants  with  small 
seeds  it  is  exceedingly  minute,  and  recognised  with  difficulty; 
but  in  some  it  is  so  large  as  to  occupy  fully  a  third  part  of 
the  whole  surface  of  the  seed,  as  in  the  horse-chestnut,  Sa- 
poteae,    and    others.       Seeds   of  this  kind  have  been  called 
nauca  by  Gaertner.     In  grasses  the  hilum  is  indicated  by  a 
brownish  spot  situated  on  the  face  of  the  seed,  and  is  called 
by  Richard  spilus.     The  centre  of  the  hilum,  through  which 
the  nourishing  vessels  pass,  is  called  by  Turpin  the  omphalo- 
dium.     Sometimes  the  testa  is  enlarged  in  the  form  of  irregu- 
lar lumps  or  protuberances  about  the  umbilicus;  these  are 
called  strophiolcB    or    carunculce ;    and    the   umbilicus,    round 
which  they  are  situated,  i§  said  to  be  strophiolate  or  carun- 
culate.     Mirbel  has  ascertained  that  in  Euphorbia  Lathyris 
the  strophiole  is  the  fungous  foramen  of  the  primine ;  and  it  is 
probable  that  such  is  often  the  origin  of  this  tubercle :  but  at 
present  we  know  little  general  upon  the  subject. 

The  foramen  in  the  ripe  seed  constitutes  what  is  called  the 
wicropyle :  it  is  always  opposite  the  radicle  of  the  embryo ; 
the  position  of  which  is,  therefore,  to  be  determined  without 
dissection  of  the  seed,  by  an  inspection  of  the  micropyle,  — 
often  a  practical  convenience. 

In  some  seeds,  as  the  asparagus,  Commelina,  and  others 
{fig.  185.),  there  is  a  small  callosity  at  a  short  distance  from  the 
hilum :  this  callosity  gives  way  like  a  little  lid  at  the  time  of 
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germination,  emitting  the  radicle,  and  has  been  named  by 
Gtertner  the  emhnjotega. 

'At  the  apex  of  the  seed  in  the  orange,  and  many  other 
plants,  may  be  perceived  upon  the  testa  a  small  brown  spot, 
formed  by  the  union  of  certain  vessels  proceeding  from  the 
hilum :  this  spot  is  the  chalaza  (Plate  VI.  fig.  11.  b).  In  the 
orange  it  is  beautifully  composed  of  dense  bundles  of  spiral 
vessels  and  spiral  ducts,  without  woody  fibre.  The  vessels 
which  connect  the  chalaza  with  the  hilum  constitute  a  parti- 
cular line  of  communication,  called  the  raphe :  in  most  plants 
it  consists  of  a  single  line  passing  up  the  face  of  the  seed ;  but 
in  many  Aurantiacese  and  Guttiferae  it  ramifies  elegantly  ni 
every  direction  upon  the  surface  of  the  testa. 

The  raphe  is  always  a  true  indication  of  the  face  of  the  seed; 
and  it  is  very  remarkable  that  the  apparent  exceptions  to  tliis 
rule  only  serve  to  confirm  it.    Thus,  in  some  species  of  Euony- 
mus,  in  which  the  raphe  appears  to  pass  along  the  back,  an 
examination  of   other  species  shows  that  the  ovules  of  such 
species  are  in  fact  resupinate ;  so  that  with  them  the  hne  of 
vascularity  representing  the  raphe  is  turned  away  from  its  true 
direction  by  peculiar  circumstances.     In  reality,  the  chalaza  is 
the  place  where  the  secundine  and  the  primine  are  connected ; 
so  that  in  orthotropous  seeds,  or  such  as  have  the  apex  of  the 
nucleus  at  the  apex  of  the  seed,  and  in  which,  consequently, 
the  union  of  the  primine  and  secundine  takes  place  at  the 
hilum,  there  can  be  no  apparent  chalaza,  and  consequently  no 
raphe :    the    two    latter  can    only  .exist  as  distinct  parts    in 
anatropous  seeds,  when  the  base  of  the  nucleus  corresponds  to 
the  geometrical  apex  of  the  seed.    Hence,  also,  there  can  never 
be  a  chalaza  without  a  raphe,  nor  a  raphe  without  a  chalaza. 

Something  has  already  been  said 
about  the  aril  {Jig.  187.  and  188.) 
when  speaking  of  the  ovule;  but 
it  more  properly  comes  under  con- 
sideration along  with  the  ripe  seed. 
As  a  general  rule  it  may  be  stated, 
that  every  thing  proceeding  from 
the  placenta  and  not  forming  part 
of  the  seed  is  referrible  to  the 
aril.      Even    in    plants    like    Hib- 
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bertia  voliibilis  and  Euonymus  eiiropaeus,  in  which  it  is  of 
unusual  dimensions,  it  is  scarcely  visible  in  the  unimpregnated 
ovary ;  and  it  is  stated  by  Brown,  that  he  is  not  acquainted  with 
any  case  in  which  it  covers  the  foramen  of  the  testa  before  im- 
pregnation. 

The  mass  enclosed  within  the  true  testa  or  outer  inteo-u- 
ment  is  called  the  nucleus;  and  consists  either  oi albumen  and 
embryo,  or  of  the  latter  only. 

The    albumen    {perispermium,   Juss.;   endosperminm,  Rich.; 
medulla     seminis.     Jungius;      secundince     internee,     Malpio-hi) 
(Plate  VI.  fig.  5.  a,  1.  a,  9,  a,  &c.),  when  present,  is  a  body 
enclosing  the  embryo,  and  interposed  between  it  and  the  in- 
tegument of  the   seed :  it  is  of  various  degrees  of  hardness, 
varying  from  fleshy  to  bony,  or  even  stony,  as  in  some  palms. 
It  is  in  all  cases  destitute  of  vascularity,  and  has  been  usually 
considered  as  the  amnios  in  an  indurated  state  :  but  Brown  is 
of  opinion  that  it  is  formed  by  a  deposition  or  secretion  of 
granular  matter  in  the  cellules  of  the  amnios,  or  in  those  of 
the  nucleus  itself.     The  albumen  is  often  absent,  frequently 
much  smaller  than  the  embryo,    but  is  also  occasionally  of 
much  greater  size.     This  is  particularly  the  case  in  monoco- 
tyledons, in  some  of  which  the  embryo  scarcely  weighs  a  few 
grains,  while  the  albumen  weighs  many  ounces,    as  in  the 
cocoa-nut.     It  is  almost  always  solid,  but  in  Annonacese  and 
the  nutmeg  tribe  it  is  perforated  in  every  direction  by  dry 
cellular  tissue,  which  appears  to  originate  from  the  remains  of 
the  nucleus  in  which  the  albumen  has  been  deposited :  in  this 
state  it  is  said  to  be  ruminated. 

The  embryo  (or  corculum)  (Plate  VI.  fig.  I.  b,  &c.)  is  a 
fleshy  body,  occupying  the  interior  of  the  seed,  and  consti- 
tuting the  rudiment  of  a  future  plant.  It  is  usually  solitary, 
but  there  are  instances  of  the  presence  of  several  in  one  seed. 
It  was  originally  developed  within  the  innermost  membrane  of 
the  ovule.  In  most  plants  one  embryo  only  is  found  in  each 
seed.  It  nevertheless  occurs,  not  unfrequently,  that  more 
than  one  is  developed  Avithin  a  single  testa,  as  occasionally  in 
the  orange  and  the  hazel  nut,  and  very  commonly  in  Coni- 
ferae,  Cycas,  the  onion,  and  the  mistletoe.  Now  and  then  a 
union  takes  place  of  these  embryos. 
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It  is  distinguished  into  three  parts ;  viz.  the  radicle  (Plate 
VI.  fig.  2.  h,  &c.)  {rhizoma  ox  rostellum) ;  cotyledons  (fig.  2.  a, 
Stc),  andplumide  (or  gemmule)  (fig.  2.  c.)  ;  from  which  is  also 
by  some  distinguished  the  caulicule  or  neck  [collet,  scapus,  sca- 
pellus,  or  tigelle).  Mirbel  admits  but  two  principal  parts; 
viz.  the  cotyledons,  and  what  he  calls  the  hlasteme,  which  com- 
prises radicle,  plumule,  and  caulicule. 

Upon  certain  remarkable  differences  in  the  structure  of  the 
embryo,  modern  botanists  have  divided  the  whole  vegetable 
kingdom  into  three  great  portions,  which  form  the  basis  of 
what  is  called  the  natural  system.  These  are,  1.  Dicotyle- 
dons; 2.  Monocotyledons;  and,  3.  Acotyledons.  In  order  to 
miderstand  exactly  the  true  nature  of  the  embryo  in  each  of 
these,  it  will  be  requisite  first  to  describe  it  fully  as  it  exists 
in  dicotyledons,  and  then  to  explain  its  organisation  in  the 
two  others. 

If  a  common  Dicotyledonous  embryo  (Plate  YI.  fig.  2.), 
that  of  the  apple  for  example,  be  examined,  it  will  be  found  to 
be  an  obovate,  white,  fleshy  body,  tapering  and  solid  at  the 
lower  end,  and  compressed  and  deeply  divided  into  two  equal 
opposite  portions  at  the  upper  end;  the  lower  tapering  end 
is  the  radicle,  and  the  upper  divided  end  consists  of  two 
cotyledons.  Within  the  base  of  the  cotyledons  is  just  visible  a 
minute  point,  which  is  the  plumule.  The  imaginary  line  of 
division  between  the  radicle  and  the  cotyledons  is  the  cauli- 
cule. If  the  embryo  be  placed  in  circumstances  favourable 
for  germination,  the  following  phenomena  occur :  the  cauli- 
cule will  extend  upwards ;  the  radicle  will  become  elongated 
downwards,  forming  a  little  root ;  the  cotyledons  will  elevate 
themselves  above  the  earth  and  unfold  ;  and  the  plumule  will 
lengthen  upwards,  and  give  birth  to  a  stem  and  leaves.  Such 
is  the  normal  or  proper  appearance  of  a  dicotyledonous 
embryo. 

The  exceptions  to  it  chiefly  consist,  1.  in  the  cohesion  of  the 
cotyledons  in  a  single  mass,  instead  of  their  unfolding;  2.  in 
an  increase  of  their  number  ;  3.  in  their  occasional  absence  ; 
and,  4.  in  their  inequality.  A  cohesion  of  the  cotyledons  takes 
place  in  those  embryos,  which  Ga?rtner  called  pseudomonocoty- 
ledo7ious,  and  Richard  macrocephalous.     In  the  horse-chestnut, 
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the  embryo  consists  of  a  homogeneous  undivided  mass,  with 
a  curved  horn-like  prolongation  of  one  side  directed  towards 
the  hilum.  If  a  section  be  made  in  the  direction  of  the  axis 
of  the  horn-like  prolongation  through  the  whole  mass  of  the 
embryo,  a  slit  will  be  observable  above  the  middle  of  the 
horn,  at  the  base  of  which  lies  a  little  conical  body.  In  this 
embryo  the  slit  indicates  the  division  between  the  two  bases  of 
a  pair  of  opposite  confluent  cotyledons ;  the  conical  body  is 
the  plumule,  and  the  horn-like  prolongation  is  the  radicle. 
In  Castanea  nearly  the  same  structure  exists,  except  that 
the  radicle,  instead  of  being  curved  and  exserted,  is  straight, 
and  enclosed  within  the  projecting  base  of  the  two  cotyle- 
dons ;  and  in  Tropaeolum,  which  is  very  similar  to  Castanea 
in  structure,  the  bases  of  the  cotyledons,  are  slit  into  four 
little  teeth  enclosing  the  radicle.  The  germination  of  these 
seeds  indicates  more  clearly  that  the  cotyledonary  body  con- 
sists of  two  and  not  of  one  cotyledon  ;  at  that  time  the  bases 
of  the  cotyledons,  which  had  been  previously  scarcely  visible, 
separate  and  lengthen,  so  as  to  extricate  the  radicle  and 
plumule  from  the  testa,  within  which  they  had  been  confined. 
In  number  the  cotyledons  vary  from  two  to  a  much  more  con- 
siderable number.  Ceratophyllum  has  constantly  four,  of 
which  two  are  smaller  than  the  others ;  in  Coniferee  they  vary 
from  two  to  more  than  twelve. 

Instances  of  the  absence  of  cot}4edons  occur,  1.  In  Cus- 
cuta  (Plate  VI.  fig.  19.),  to  which  they  may  be  supposed  to 
be  denied  in  consequence  of  the  absence  of  leaves  in  that 
genus ;  2.  in  Lentibularise ;  3.  in  Cyclamen,  in  which  the 
radicle  enlarges  exceedingly :  to  these  a  fourth  instance  has 
by  some  been  added  in  Lecythis,  of  which  Richard  gives  the 
following  account.  The  kernel  is  a  fleshy  almond-like  body, 
so  solid  and  homogeneous  that  it  is  extremely  difficult  to  dis- 
cover its  two  extremities  until  germination  takes  place :  at 
that  period  one  of  the  ends  forms  a  little  protuberance,  which 
subsequently  bursts  through  the  integuments  of  the  seed,  and 
extends  itself  as  a  root ;  the  other  end  produces  a  scaly  plu- 
mule, which  in  time  forms  the  stem.  The  great  mass  of  the 
kernel  is  supposed  by  Richard  to  be  an  enlarged  radicle.  I, 
however,  see  no  reason  for  calling  the  two-lobed  part  of  the 
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embryo  (Plate  VI.  fig.  17.  c)  a  plumule;  it  is  merely  coty- 
ledons. An  inequality  of  cotyledons  is  the  most  unusual 
circumstance  with  dicotyledons,  and  forms  a  distinct  approach 
to  the  structure  of  monocotyledons :  it  occurs  in  Trapa  and 
Sorocea,  in  which  they  are  extremely  disproportionate.  In 
Cycas  they  are  also  rather  unequal;  but  in  a  much  less 
degree. 

The  embryo  of  Monocotyledons  (Plate  VI.  fig.  I.  B.  &c.) 
is  usually  a  solid,  cylindrical,  undivided,  homogeneous  body, 
slightly  conical  at  each  extremity,  with  no  obvious  distinction 
of  radicle,  plumule,  or  cotyledons.     In  germination  the  upper 
end  swells  and  remains  within  the  testa  (fig.   10.   C.  Z>,  &c.); 
the  lower  lengthens,  opens,  and  emits  one  or  more  radicles ; 
and  a  thread-like  green  body  is  protruded  from  the  upper 
part  of  the  portion  wliich    is  lengthened  beyond   the  testa. 
Here  the  portion  remaining  within  the  testa  is  a  single  coty- 
ledon ;  that  which  lengthens,  producing  radicles  from  within 
its  point,  is  the  caulicule  and  radicle;  and  the  thread-like 
protruded  green  body  is  the  plumule.  If  this  is  compared  with 
the  germination  of  dicotyledons,  an  obvious  difference  will  be 
at  once  perceived  in  the  manner  in  which  the  radicles  are 
produced :  in  monocotyledons  they  are  emitted  from  within 
the  substance  of  the   radicular  extremity,    and  are  actually 
sheathed  at  the  base  by  the  lips  of  the  passage  through  which 
they  protrude;    while  in  dicotyledons  they  appear  at    once 
from  the  very  surface  of  the  radicular  extremity,  and  con- 
quently  have  no  sheath  at  their  base.     Upon  this  difference 
in  economy,  Richard  proposed  to  substitute  the  term  Endo- 
rhizae  for  monocotyledons,  and  Exorhizse  for   dicotyledons. 
Some  consider  the  former  less  perfect  than  the  latter :  endo- 
rhizae   being    involute,    or    imperfectly  developed;    exorhizae 
evolute,  or  fully  developed.     Dumortier  adds  to  these  names 
endophyllous   and   exophyllous ;  because  the  young  leaves  of 
monocotyledons  are  evolved  fi'om  within  a  sheath  {coleophyl- 
lum   or  coleoptilum),  while  those  of  dicotyledons  are  always 
naked.     The  sheath  at  the  base  of  the  radicle  of  monocotyle- 
dons is  called  the  coleorhiza   by   Mirbel.     Another   form  of 
monocotyledonous  embryo  is  that  of  Aroideae  and  their  allies, 
in  which  the  plumule  is  not  so  intimately  combined  witli  the 
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embryo  as  to  be  undistinguisbable,  but  is  indicated  externally 
by  a  little  slit  above  the  base  (Plate  VI.  fig.  6.  B.  e),  within 
which  it  lies  until  called  into  development  by  germination. 

The  exceptions  to  what  has  been  now  described  ought, 
like  those  of  dicotyledons,  rather  to  be  called  remarkable 
modifications.  Much  stress  has  been  laid  upon  them  by  se- 
veral writers,  who  have  thought  it  requisite  to  give  particular 
names  to  their  parts.  To  me,  however,  it  appears  far  more 
advisable  to  explain  their  analogies  without  the  unnecessary 
creation  of  new  and  bad  names.  In  Graminecs  (Plate  VI. 
fig.  4.)  the  embryo  consists  of  a  lenticular  body  lying  on  the 
outside  of  the  base  of  the  albumen  on  one  side,  and  covered 
on  its  inner  face  by  that  body,  and  on  its  outer  face  by  the 
testa :  if  viewed  on  the  face  next  the  testa,  a  slit  will  be 
observed  of  the  same  nature  as  that  in  the  side  of  the 
embryo  of  Aroideae ;  opening  this  cleft  a  small  conical  pro- 
jection is  discovered,  pointing  towards  the  apex  of  the  seed. 
If  the  embryo  be  then  divided  vertically  through  the  conical 
projection,  it  will  be  seen  that  the  latter  (c)  is  a  sheath  includ- 
ing other  little  scales  resembling  the  rudiments  of  leaves ;  that 
that  part  of  the  embryo  which  lies  next  the  albumen  {d),  and 
above  the  conical  body,  is  solid ;  and  that  the  lower  extremity 
of  the  embryo  [e)  contains  within  it  the  indication  of  an  in- 
ternal radicle,  as  in  other  monocotyledons.  In  this  embrj^o 
it  is  to  be  understood  that  the  conical  projection  is  the  plu- 
mule ;  that  part  of  the  embryo  lying  between  it  and  the 
albumen,  a  single  scutelliform  cotyledon  ;  and  the  lower  point 
of  the  embryo,  the  radicle.  In  wheat  there  is  a  second  small 
cotyledoii  on  the  outside  of  the  embryo,  inserted  a  little  lower 
down  than  the  scutelliform  cotyledon.  This  last  is  called 
scutellum  by  Gaertner,  who  considered  it  of  the  nature  of 
vitellus.  Richard  considered  the  scutelliform  cotyledon  a  par- 
ticular modification  of  the  radicle,  which  he  called  hypohlastus; 
the  plumule  a  form  of  cotyledon,  called  blastus ;  the  anterior 
occasional  cotyledon  a  peculiar  appendage,  named  epihlastus ; 
and  the  radicle  a  protuberance  of  the  caulicule,  called  radicu- 
loda.  He,  further,  in  reference  to  this  peculiar  opinion, 
termed  embryos  of  this  description  macropodous.     In  these 
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ideas,  however,  Richard  was  manifestly  wTong,  as  is  now  well 
known. 

From  what  has  been  stated  it  is  apparent  that  dicotyledons 
are  not  absolutely  characterised  by  having  two  cotyledons,  nor 
monocotyledons  by  having  only  one.  The  real  distinction 
between  them  consists  in  their  endorhizal  or  exorhizal  germi- 
nation, and  in  the  cotyledons  of  dicotyledons  being  opposite 
or  verticillate,  while  they  are  in  monocotyledons  solitary  or 
alternate.  Some  botanists  have,  therefore,  recommended  the 
substitution  of  other  terms  in  lieu  of  those  in  common  use. 
Cassini  suggests  isodynamous  or  isohrious  for  dicotyledons, 
because  their  force  of  development  is  equal  on  both  sides: 
and  anisodynamous  or  anisohrious  for  monocotyledons,  because 
their  force  of  development  is  greater  on  one  side  than  on 
the  other.  Another  wi'iter,  Lestiboudois,  would  call  dicoty- 
ledons exoptiles^  because  their  plumula  is  naked ;  and  monoco- 
tyledons ejidoptiles,  because  their  plumule  is  enclosed  within 
the  cotjdedon ;  but  there  seems  little  use  in  these  proposed 
changes,  which  are,  moreover,  as  open  to  objections  as  the 
terms  in  common  use. 

In  the  "  Library  of  Useful  Knowledge"  an  apparently  j  ust 
explanation  of  the  analogy  between  the  embryo  of  monoco- 
tyledons and  dicotyledons  has  been  given;  and  I  take  the 
liberty  of  reproducing  it  here  : — 

"  1.  The  embryo  of  an  Arum  is  like  that  of  a  Palm,  only 
there  is  a  slit  on  one  side  of  it  through  which  the  plumule 
easily  escapes.  2.  In  Rice  (Oryza)  this  slit  is  very  much 
lengthened  and  widened  ;  3.  In  Barley  the  plumule  projects 
beyond  the  slit,  leaving  a  flat  cotyledon  on  one  side ;  and  4. 
In  Wlieat  the  embryo  has  the  structure  of  Barley,  with  this 
most  important  exception,  that  at  the  base  of  the  plumule  in 
front  there  is  a  rudimentary  cotyledon,  alternate  Mdth  the  large 
flat  one,  on  the  opposite  side  of  the  plumule.  Hence  we  are 
to  infer  that  the  monocotyledonous  embryo  of  a  Palm  is  ana- 
logous to  tliat  of  a  dicotyledon,  of  which  one  of  the  cotyledons  is 
abstracted,  and  the  other  rolled  round  the  plianula  and  consoli- 
dated at  its  edges.  And  this  is  the  view  that  must  be  taken  of 
the  monocotyledonous  embryo  in  general,  all  the  modifications 
of  which  seem  reducible  to  this  standard. 
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"  Thus  in  Sea-wrack  (Zostera  marina)  of  which  the  embryo 
is  an  oblong  almond-shaped  body  with  a  cleft  on  one  side,  in 
the  cavity  of  which  a  long  flexuose  process  is  placed,  the  latter 
is  the  plumule,  and  the  former  at  one  end  the  cotyledon,  and 
the  radicle  at  the  other;  in  Ruppia  maritima,  whose  embryo 
is  an  oblong  body,  cut  suddenly  off  at  one  end,  on  which  a 
sort  of  curved  horn  crouches,  the  latter  is  the  plumule,  and 
the  former  chiefly  cotyledon;  and  so  in  frog-bit  (Hydrocharis 
morsus  ranse),  the  embryo  of  which  is  an  oblong  fleshy  kernel 
with  a  hole  on  one  side,  in  which  there  lies  a  short  cylinder ; 
the  latter  is  the  plumule,  and  the  former  the  cotyledon." 

The  AcoTYLEDONOUS  embryo  is  not  exactly,  as  its  name 
seems  to  indicate,  an  embryo  without  cotyledons;  for,  in  that 
case,  Cuscuta  would  be  acotyledonous.  On  the  contrary,  it 
is  an  embryo,  which  does  not  germinate  from  two  fixed  in- 
variable points,  namely  the  plumule  and  the  radicle,  but  in- 
differently from  any  point  of  the  surface ;  as  in  some  of  the 
Arum  tribe,  and  in  all  flowerless  plants.  See  Molil^  Bemer- 
kimgen  iiher  die  Eyitwicklung  unci  den  Bau  der  Sporen  der  Cryjpto- 
gamischen  Gewdchse.     Regensh.  1833. 

For  further  illustrations  of  the  embryo,  consult  Plate  VI. 
and  the  explanation  of  its  figures. 

The  direction  of  the  embryo  is  either  absolute  or  relative. 
Its  absolute  direction  is  that  which  it  has  independently  of  the 
parts  that  surround  it.  In  this  respect  it  varies  much  in  dif- 
ferent genera ;  it  is  either  straight  (Plate  VI.  fig.  5.),  arcuate 
(fig.  9.),  or  falcate,  uncinate,  or  coiled  up  (fig.  8.)  {cyclical)^ 
folded  up,  spiral  (fig.  19.),  or  bent  at  right  angles  (Plate  V. 
fig.  28.)  {gromonical,  Link),  serpentine,  or  in  figure  like  the 
letter  S  (sigmoid). 

Its  relative  position  is  determined  by  the  relation  it  bears 
to  the  chalaza  and  micropyle  of  the  seed ;  or,  in  other  words, 
upon  the  relation  that  the  integuments,  the  raphe,  chalaza, 
hilum,  micropyle,  and  radicle  bear  to  each  other.  If  the  sacs 
of  the  ovule  are  in  no  degree  inverted,  but  have  their  com- 
mon point  of  origin  at  the  hilum,  there  being  (necessarily) 
neither  raphe  nor  chalaza  visible,  the  radicle  will  in  that  case 
be  at  the  extremity  of  the  seed  most  remote  from  the  hilum, 
and  the  embryo  inverted  with  respect  to  the  seed,  as  in  Cistus, 
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Urtica,  and  otliers,  where  it  is  said  to  be  antitropal.  But  if 
the  ovule  undergoes  the  remarkable  extension  of  one  side 
already  described  in  speaking  of  that  organ,  when  the  sacs 
are  so  inverted  that  their  orifice  is  next  the  hilum,  and  their 
base  at  the  apex  of  the  ovule,  then  there  will  be  a  raphe 
and  chalaza  distinctly  present;  and  the  radicle  will,  in  the  seed, 
be  at  the  end  next  the  hilum,  and  the  embryo  will  be  erect 
with  respect  to  the  seed,  or  orthotropal^  as  in  the  apple, 
plum,  &c.  On  the  other  hand,  supposing  that  the  sacs  of 
the  embryo  suffer  only  a  partial  degree  of  inversion,  so  that 
their  foramen  is  neither  at  the  one  extremity  nor  the  other, 
there  will  be  a  chalaza  and  a  short  raphe ;  and  the  radicle  will 
point  neither  to  the  apex  nor  to  the  base  of  the  seed,  but  the 
embryo  will  lie,  as  it  were,  across  it,  or  be  lieterotropal,  as  is 
the  case  in  the  primrose.  When  an  embryo  is  so  curved  as 
to  have  both  apex  and  radicle  presented  to  the  hilum,  as  in 
Reseda,  it  is  amphitropal. 

In  the  words  of  Gaertner,  an  embryo  is  ascending  when  its 
apex  is  pointed  to  the  apex  of  the  fruit ;  descending^  if  to  the 
base  of  the  fruit ;  centripetal,  if  turned  towards  the  axis  of 
the  fruit ;  and  centrifugal,  if  towards  the  sides  of  the  fruit : 
those  embryos  are  called  wandering,  or  vaxji,  which  have  no 
evident  direction. 

The  cotyledons  are  generally  straight,  and  placed  face  to 
face  ;  but  there  are  numberless  exceptions  to  this.  Some  are 
separated  by  the  intervention  of  albumen  (Plate  VI.  fig.  11.) ; 
others  are  naturally  distant  from  each  other  without  any 
intervening  substance.  Some  are  straight,  some  waved, 
others  arcuate  or  spiral.  When  they  are  folded  with  their 
back  upon  the  radicle,  they  are  called  incumbent ;  if  their 
edges  are  presented  to  the  same  part,  they  are  accumbent ; 
terms  chiefly  used  in  speaking  of  Cruciferoe. 


15.  Of  Naked  Seeds. 

By  naked  seeds  has  been  understood,  by  the  school  of  Lin- 
naeus, small  seed-like  fruit,  like  that  of  Labiatas,  Boragineae, 
grasses,  and  Cyperaceae.     But  as  these  are  distinctly  covered 
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by  pericarps,  as  has  been  shown  above,  the  expression  in  the 
sense  of  Linnaeus  is  obviously  incorrect,  and  is  now  abandoned. 
Hence  it  has  been  inferred  that  there  is  no  such  thing  in 
existence  as  a  naked  seed ;  that  is  to  say,  a  seed  which  bears 
on  its  own  integuments  the  organ  of  impregnation.  To  this 
proposition  botanists  had  assented  till  the  year  1825,  when 
Brown  demonstrated  the  existence  of  seeds  strictly  naked ; 
that  is  to  say,  from  their  youngest  state  destitute  of  pericarp, 
and  receiving  impregnation  through  their  integuments  without 
the  intervention  of  style  or  stigma,  or  any  stigmatic  apparatus. 
That  most  learned  botanist  has  demonstrated  that  seeds  of  this 
description  are  uniform  in  Coniferae  and  Cycadeae,  in  which 
no  pericarpial  covering  exists.  But  we  have  no  knowledge  at 
present  of  such  an  economy  obtaining  in  other  plants,  as  a 
constant  character.  It  does,  however,  happen,  as  the  same 
observer  has  pointed  out,  that  in  particular  species  the  ovary 
is  ruptured  at  an  early  period  by  the  ovules,  which  thus,  when 
ripe,  become  truly  naked  seeds:  remarkable  instances  of  which 
occur  in  Ophiopogon  spicatus,  Leontice  thalictroides,  and 
Peliosanthes  Teta. 
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CHAPTER  III. 

OF    THE    COMPOUND    ORGANS    IN    FLOWERLESS    PLANTS. 

We  have  now  passed  in  i-eview  all  the  different  organs  which 
exist  in  the  most  perfectly  formed  plants ;  that  is  to  say,  in 
those  whose  reproduction  is  provided  for  by  the  complicated 
apparatus  of  sexes  and  of  fertilising  organs.  Let  us  next 
proceed  to  consider  those  lower  tribes,  some  of  which  are 
scarcely  distinguishable  from  animals,  where  there  is  no  evi- 
dent trace  of  sexes,  in  which  nothing  constructed  like  seeds 
is  to  be  detected,  and  which  seem  to  have  no  other  provision 
made  for  the  perpetuation  of  their  races  than  a  dissolution 
of  their  cellular  system.  In  what  I  may  have  to  say  about 
them,  I  shall  not,  however,  do  any  thing  more  than  give 
a  mere  enumeration  and  description  of  their  organs.  All 
speculative  considerations  are  in  this  case  left  out  of  view: 
those  who  wish  to  be  informed  upon  such  points  may  consult 
the  "  Introduction  to  the  Natural  System  of  Botany." 

1.  Ferns. 

Filices,  or  ferns,^are  plants  consisting  of  a  number  of 
leaves  or  fronds,  as  they  are  called,  attached  to  a  stem  which 
is  either  subterraneous  or  lengthened  above  the  ground,  some- 
times rising  like  a  trunk  to  a  considerable  height.  They  are 
the  largest  of  known  vegetables  in  which  no  organs  of  fructi- 
fication analogous  to  those  of  phaenogamous  plants  have  been 
discovered.  Their  petioles,  or  stipes  {racliis,  W.  ;  peridroma., 
Necker),  consist  of  sinuous  strata  of  indurated,  very  compact, 
fibrovascular  tissue,  connected  by  cellular  matter ;  and  the 
wood  of  those  which  have  arborescent  trunks  is  formed  by  the 
cohesion  of  the  bases  of  such  petioles  round  a  hollow  or  solid 
cellular  axis.  The  organs  of  reproduction  are  produced  from 
the  back  or  under  side  of  the  leaves.  In  PolypodiacecB,  or 
what  are  more  commonly  called  dorsiferous  ferns,  they  ori- 
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ginate,  either  upon  the  cuticle  or  from  beneath  it,  in  the  form 
of  spots,  at  the  junctions,  margins,  or  extremities  of  the  veins. 
As  they  increase  in  growth  they  assume  the  appearance  of 
small  heaps  of  granules,  called  sori ;  if  examined  beneath  the 
microscope  these  granules,  commonly  called  capsules^  thecce,  spo- 
rangia, or  conceptades,  are  found  to  be  little  brittle  compressed 
bags  formed  of  cellular  membrane,  partially  surrounded  by  a 
thickened  longitudinal  ring  [gyrus,  annulus,  gyroma),  which  at 
the  vertex  loses  itself  in  the  cellularity  of  the  membrane,  and 
at  the  base  tapers  into  a  little  stalk :  the  thecae  burst  with 
elasticity  by  aid  of  their  ring,  and  emit  minute  particles  named 
sporules,  from  which  new  plants  are  produced ;  as  from 
seeds,  in  vegetables  of  a  higher  order.  Interspersed  with  these 
theca;  are  often  intermixed  articulated  hairs;  and,  in  those 
genera  in  which  the  thecae  originate  beneath  the  cuticle,  the 
sori,  when  mature,  continue  covered  with  the  superincumbent 
portion  of  the  cuticle,  which  is  then  called  the  indusium  or 
invohicrum  {membranula,  Necker ;  glandulcB  squamosce,  Guet- 
tard).  In  Trichomanes  and  Hymenophyllum  the  thecae  are 
seated  within  the  dilated  cup-like  extremities  of  the  lobes  of 
the  frond,  and  are  attached  to  the  vein  which  passes  through 
their  axis,  which  is  then  called  their  receptacle.  In  another 
tribe,  called  Gleichenece,  the  thecse  have  a  transverse  complete, 
instead  of  a  vertical  incomplete  ring,  and  they  are  nearly 
destitute  of  stalks  ;  in  a  third  tribe  the  sori  occupy  the  whole 
of  the  under  surface  of  the  leaf,  which  becomes  contracted,  and 
wholly  alters  its  appearance :  the  thecae  have  no  ring,  and  the 
cellular  tissue  of  their  membrane  is  not  reticulated,  but  ra- 
diates regularly  from  the  apex. 

In  these  plants  it  has  been  in  vain  endeavoured  to  discover 
traces  of  organs  of  fecundation.  Nevertheless,  as  it  was  diffi- 
cult for  sexualists  to  believe  that  plants  of  so  large  a  size  were 
destitute  of  such  organs,  it  has  been  considered  indispensable 
that  they  should  be  found ;  and,  accordingly,  while  all  seem 
to  agree  in  considering  the  thecae  as  female  organs,  a  variety 
of  other  parts  have  been  dignified  by  the  title  of  male  organs  : 
thus,  Micheli  and  Hedwig  found  the  latter  in  certain  stipitate 
glands  of  the  leaf;  Staehelin,  Hill,  and  Schmidel,  in  the 
elastic  ring ;   Koelreuter,  in  the  indusium ;  Gleichen,  in  the 
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stomates;  and  Von  Martins,  in  certain  membranes  enclos- 
ing the  spiral  vessels.  None  of  these  opinions  are  now 
adopted. 

In  Ophioglosseae,  a  remarkable  tribe  of  ferns,  the  fertile 
leaf  is  rolled  up  in  two  lines  parallel  with  its  axis  or  midrib, 
and  at  maturity  opens  regularly  by  transverse  valves  along 
its  whole  length,  emitting  a  fine  powder,  which,  when  magni- 
fied, is  found  to  consist  of  particles  of  the  same  nature  as  the 
sporules  found  in  the  thecae  of  other  ferns ;  here  there  are  no 
thecae,  the  metamorphosed  frond  probably  performing  their 
functions.  Such  is  my  view  of  the  structure  of  Ophioglosseae ; 
but  by  other  botanists  it  is  described  as  a  dense  spike  of  two- 
valved  capsules,  dehiscing  transversely. 

2.  EquisetacecB. 

In  these  plants,  which  may,  peihaps,  be  more  properly  con- 
sidered the  lowest  form  of  flowering  plants,  the  organs  of 
reproduction  are  arranged  in  a  cone,  consisting  of  scales 
bearing  on  their  lower  surface  an  assemblage  of  cases,  called 
theccB,  JhllicuH,  or  involucra,  which  dehisce  longitudinally  in- 
wards. In  these  thecae  are  contained  two  sorts  of  granules ; 
the  one  very  minute  and  lying  irregularly  among  a  lax'ger 
kind,  each  of  which  is  wi'apped  in  two  filaments,  fixed  by  their 
middle,  rolled  spirally,  having  either  extremity  thickened,  and 
uncoiling  with  elasticity.  By  Hedwig  the  apex  of  the  larger 
granules  was  supposed  to  be  a  stigma,  and  the  thickened  ends 
of  the  filaments  anthers,  the  small  granules  being  the  pollen. 
At  any  rate  it  is  certain  that  the  larger  granules,  round  which 
the  elastic  filaments  are  coiled,  are  the  reproductive  particles. 

3.  Lycopodiaceos. 

These  are  leafy  plants  with  the  habit  of  gigantic  mosses. 
Their  leaves  and  stem  have  the  same  structure  as  those  plants, 
except  that  the  former  are  sometimes  provided  with  stomates, 
and  the  latter  with  vessels.  Their  organs  of  reproduction 
are  of  two  kinds :  the  one  kidney-shaped  two-valved  cases, 
called  theccE,  conceptades,  or  capsules,  destitute  of  interna 
divisions,  and  filled  with  minute  powder-like  granules,  which, 
in  consequence  of  lateral  compression,  from  being  spherical, 


CHAP.  III.  MARSILEACEiE.  223 

acquire  the  figure  of  irregular  polygons ;  the  other  three- 
or  four-valved  thecae,  of  a  similar  appearance,  containing 
three  or  four  roundish  fleshy  bodies,  each  of  which  is  at 
least  fifty  times  larger  than  the  granules  contained  in  the 
first  kind  of  theca,  and  is  said  by  Brotero  to  burst  with 
elasticity,  —  an  observation  which  requires  verification.  The 
first  kind  of  theca  is  found  in  all  species  of  Lycopodiacese ; 
the  second  is  only  found  sunultaneously  in  a  few.  The  con- 
tents of  both  are  believed  to  be  sporules  ;  but  no  satisfactory 
explanation  has  yet  been  oflPered  of  the  cause  of  their  differ- 
ence in  size,  and  probably  also  in  structure.  I  would  suggest 
that  the  powder-like  grains  are  true  sporules,  and  that  the 
large  ones  are  buds  or  viviparous  organs,  as  has  already  been 
stated  by  Haller  and  Willdenow.  A  writer  in  the  "  Transac- 
tions of  the  Linnean  Society"  has  figured  and  described  the 
growth  of  the  larger  grains  of  Lycopodium  denticulatvmi, 
and  he  considers  that  they  exhibit  the  germination  of  a  dico- 
tyledonous plant ;  but,  independently  of  any  mistrust  which 
may  attach  to  the  accovmt,  it  is  obvious  enough  that  his  own 
drawings  and  description  represent  a  mode  of  germination 
analogous,  not  to  that  of  dicotyledons,  but  rather  to  that  of 
monocotyledons,  but  also  reducible  to  the  laws  which  govern 
the  incipient  vegetation  of  a  bud. 

The  powder-like  sporules  are  inflammable,  and  have  been 
supposed  by  Haller,  Linneeus,  and  others  to  be  pollen,  while 
the  larger  have  been  considered  seeds ;  and  to  a  part  of  the 
surface  of  the  theca  the  office  of  stigma  has  been  attributed. 
The  thecae  themselves  have  been  fancied  to  be  male  apparatus 
bv  Koelreuter  and  Gsertner. 

4.   Marsileacece. 

This  very  curious  little  order  consists  of  plants  differing 
from  each  other  so  much,  that,  although  consisting  of  only 
four  genera,  it  is  necessaxy  to  subdivide  it  into  two  distinct 
tribes.  As  I  have  never  had  an  opportunitj'^  of  examining 
these  plants  in  a  fresh  state,  I  beg  to  cite  the  observations  of 
Adolphe  Brongniart,  who  appears  to  have  given  them  an 
especial  attention. 

In    Marsileacese,   properly   so  called,  says  this   botanist, 
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which  consist  of  the  two  genera,  Marsilea  and  Pikilaria,  we 
remark  at  the  base  of  the  leaves  certain  involucres  of  a  cori- 
aceous, thick  substance,  and  either  indehiscent  or  opening 
into  several  valves,  divided  internally  into  cells  by  mem- 
branous dissepiments.  Each  of  these  cells  contains  two 
other  cells,  inserted  on  a  part  of  its  inner  coating  :  of  these 
one  sort  is  ovaries,  or  rather  grains,  composed  of  an  external 
transparent  membrane  which  swells  with  humidity,  and  be- 
comes a  thick  layer  of  gelatinous  substance;  the  other  is  an 
internal,  hard,  and  coriaceous  membrane,  of  a  yellow  colour, 
and  indicating  on  its  surface  a  particular  point,  through  which 
the  embryo  is  protruded  upon  being  developed.  The  other 
organs  are  more  numerous,  and  consist  of  membranous  bags, 
slightly  swelling  from  humidity,  opening  at  the  summit,  andu 
enclosing  in  the  middle  of  a  gelatinous  mucus  many  spherical 
globules,  which  are  much  smaller  than  the  grains.  Their 
leaves  develope  in  a  gyrate  manner,  like  ferns. 

In  the  second  section  of  this  order,  to  which  the  name 
Salviniese  may  be  given,  and  which  consists  of  the  genera 
Salvinia  and  Azolla,  we  find  at  the  base  of  the  leaves  mem- 
branaceous involucres  of  two  sorts,  and  containing  different 
organs.  One  kind  includes  a  bunch  of  cases  {sporangia, 
Martins),  containing  only  one  grain  in  Salvinia,  and  from  six 
to  nine  in  Azolla.  The  integument  of  these  cases  is  thin, 
reticulated,  brownish,  and  does  not  swell  in  water  like  that  of 
true  Marsileaceas  :  the  pedicel  which  supports  them  appears, 
in  Salvinia,  to  communicate  laterally  with  the  case.  The 
other  involucres,  which  are  supposed  to  be  male  organs,  have 
a  very  complex  structure,  and  have  been  well  observed  by 
Brown.  In  Salvinia  they  contain  a  great  number  of  spherical 
granules,  attached  by  long  pedicels  to  a  central  column  :  these 
gi'anules  are  much  smaller  than  the  grains ;  their  surface  is 
reticulated  in  like  manner,  and  they  do  not  burst  by  the 
action  of  water.  All  the  species  are  floaters,  and  their  leaves 
are  not  gyrate  when  developing,  but  are  more  like  those  of 
Lycopodiaceaj.  Thus  far  Brongniart;  see  also  Martins,  Ic.  PI. 
Crj^t.  Bras,  for  many  curious  additional  observations. 

With  respect  to  the  nature  of  these  two  kinds  of  grains  or 
granules,  it  has  been  thought,  as  is  obvious  from  the  foregoing 
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remarks,  that  the  smaller  are  males  and  the  larger  females ; 
which  has  been  supposed  to  be  proved  by  the  experiments  of 
Savi  of  Pisa.  This  observer  introduced  into  different  vessels, 
1.  the  granules;  2.  the  grains;  and,  3.  the  two  intermixed. 
In  the  two  first  nothing  germinated ;  in  the  third  the  grains 
floated  to  the  surface  and  developed  themselves  perfectly. 
These  observations  have,  however,  been  repeated  by  Duver- 
noy  without  the  same  result.  And  it  must  be  remarked  that, 
if  the  functions  of  these  grains  and  granules  be  what  has  been 
attributed  to  them,  the  male  power  of  action  and  the  female 
powers  of  reception  cannot  exist  till  both  are  discharged  from 
the  membranes  or  involucra,  in  which  they  are  contained  and 
placed  in  contact  in  water.  Is  it  impossible  that  the  granules 
or  supposed  male  organs  should  be  only  grains  in  an  imper- 
fectly developed  condition? 

3.  Mosses  and  AndrceacecB. 

In  the  structure  of  these  plants  neither  vessels  nor  woody 
tissue  are  employed;  and  from  henceforward  those  organs 
disappear  from  the  structure  of  all  the  tribes  to  be 
noticed.  Their  stem  consists  of  elongated  cellular  tissue, 
from  which  arise  leaves  composed,  in  like  manner,  entirely  of 
cellular  tissue  without  woody  tissue ;  the  nerves,  as  they  are 
called,  or,  more  properly  speaking,  ribs,  which  are  found  in 
many  species,  being  formed  by  the  approximation  of  cellules 
more  elongated  than  those  that  constitute  the  principal  part 
of  the  leaf  Tlie  leaA-es  are  usually  a  simple  lamina ;  but  in 
Polytrichum  and  a  few  others  they  are  furnished  with  little 
plates  called  lamellae,  running  parallel  with  the  leaf,  and  ori- 
ginating from  the  upper  surface.  At  the  summit  of  some  of 
the  branches  of  many  species  are  seated  certain  organs,  which 
are  called  male  flowers,  but  the  true  nature  of  which  is  not 
understood.  They  are  possibly  organs  of  reproduction  of  a 
particular  kind,  as  both  Mees  and  Haller  are  recorded  to  have 
seen  them  produce  young  plants. 

Agardh  says  they  have  only  the  form  of  male  organs ;  and 
that  they  really  appear  to  be  gemmules.  By  Hedvvig  they 
were  called  spermatocystidia. 

But,  whatever  may  be  the  nature  of  these  organs,  there  is 
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no  doubt  of  the  reproductive  functions  of  the  contents  of  what 
is  named  the  theca  or  capsule,  which  is  a  hollow  urn-like  body, 
containina;  sporules :  it  is  usually  elevated  on  a  stalk,  named 
the  seta,  with  a  bulbous  base,  surrounded  by  leaves  of  a  dif- 
ferent form  from  the  rest,  and  distinguished  by  the  name  of 
perichcetial  leaves.  If  this  theca  be  examined  in  its  youngest 
state,  it  will  be  seen  to  form  one  of  several  small  sessile  ovate 
bodies  {pistiUidia,  Agardh  ;  jjrosphi/ses,  YAwhart ;  adductores, 
Hedwig),  enveloped  in  a  membrane  tapering  vip wards  into  a 
point;  when  abortive  they  are  called  paraphyses.  In  process 
of  time  the  most  central  of  these  bodies  swells,  and  bursts  its 
membranous  covering,  of  which  the  greatest  part  is  carried 
upwards  on  its  point,  while  the  seta  on  which  the  theca  is  sup- 
ported lengthens.  Tliis  part,  so  carried  upwards,  is  named 
the  calyptra  :  if  it  is  torn  away  equally  from  its  base,  so  as  to 
hang  regularly  over  the  theca,  it  is  said  to  be  mitriform  ;  but 
if  it  is  ruptured  on  one  side  by  the  expansion  of  the  theca, 
which  is  more  frequently  the  case,  it  is  denominated  dimidiate. 
When  the  calyptra  has  fallen  off  or  is  removed,  the  theca  is 
seen  to  be  closed  by  a  lid  terminating  in  a  beak  or  rostrum : 
this  lid  is  the  operculum,  and  is  either  deciduous  or  persistent. 
If  the  interior  of  the  theca  be  now  investigated,  it  will  be 
found  that  the  centre  is  occupied  by  an  axis,  called  the  co- 
lumella ;  and  that  the  space  between  the  columella  and  the 
sides  of  the  theca  is  filled  with  sporules.  The  brim  of  the 
theca  is  furnished  with  an  elastic  external  ring,  or  annulus, 
and  an  interior  apparatus,  called  the  peristomium :  this  is 
formed  of  two  distinct  membranes,  one  of  which  originates 
in  the  outer  coating  of  the  theca,  the  other  in  the  inner  coat ; 
hence  they  are  named  the  outer  and  inner  peristomia.  The 
nature  of  the  peristomium  is  practically  determined  at  the 
period  of  the  matvnity  of  the  theca.  At  this  time  both  mem- 
branes are  occasionally  obliterated ;  but  this  is  an  unfrequent 
occurrence  :  sometimes  one  membi'ane  only  remains,  either 
divided  into  divisions,  called  teeth,  w^hich  are  always  some 
multiple  of  four,  varying  from  that  number  as  high  as  eighty, 
or  stretching  across  the  orifice  of  the  theca,  which  is  closed  up 
by  it;  this  is  sometimes  named  the  tympanum.  Most  fre- 
quently both  membranes  are  present,  divided  into  teeth,  from 
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differences  in  the  number  or  cohesion  of  which  the  generic 
characters  of  mosses  are  in  a  great  measure  formed.  For 
further  information  upon  the  peristomium  I  must  refer  to 
Brown's  remarks  upon  Lyellia,  in  the  12th  volume  of  the 
Linnean  Transactions. 

Tlie  interior  of  the  theca  is  commonly  unilocular ;  but  in 
some  species,  especially  of  Polytrichum,  it  is  separated  into 
several  cells  by  dissepiments  originating  with  the  columella. 

If  at  the  base  of  the  theca  there  is  a  dilatation  or  swelling 
on  one  side,  this  is  called  a  struma  ;  if  it  is  regularly  lengthened 
downwards,  as  in  most  of  the  Splachnums,  such  an  elongation 
is  called  an  apophysis. 

In  Andrteaceae  the  theca  is  not  an  urn-like  case,  but  splits 
into  four  valves,  cohering  by  the  operculum  and  base. 

From  the  foregoing  description,  it  will  be  apparent  that  the 
organs  of  reproduction  of  mosses  cannot  be  said  to  be  analo- 
gous to  the  parts  of  fertilisation  of  perfect  plants.  I  must 
not,  however,  omit  the  opinion  of  other  botanists  upon  this 
subject.  The  office  of  males  has  been  supposed  by  Micheli 
to  be  performed  by  the  paraphyses ;  by  Linnaeus  and  Dille- 
nius,  by  the  thecae ;  by  Palisot  de  Beauvois,  by  the  sporules ; 
by  Hill,  by  the  peristomium  ;  by  Koelreuter,  by  the  calyptra  ; 
by  Gaertner,  by  the  operculum;  and,  finally,  Hedwig  has 
supposed  the  males  to  be  the  staminidia.  The  female  org-ans 
were  thought  by  Dillenius  and  Linnaeus  to  be  assemblages  of 
staminidia ;  by  Micheli  and  Hedwig,  the  young  thecee  ;  and, 
by  Palisot  de  Beauvois,  the  columella. 

For  some  suggestions  as  to  the  analogy  that  is  borne 
between  the  organs  of  mosses  and  of  other  plants,  see  Mor- 
phology hereafter. 

6.  Jungermanniacece  and  HepaticcB. 

These  differ  remarkably  from  each  other  in  die  modi- 
fications of  their  organs  of  reproduction,  while  they  have  a 
striking  resemblance  in  their  vegetation.  This  latter,  which 
bears  the  name  o^  frond  or  thallus,  is  either  a  leafy  branched 
tuft,  as  in  mosses,  A\dth  the  cellular  tissue  particularly  large, 
and  the  leaves  frequently  furnished  with  lobes,  and  appendages 
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at  the  base,  called  stipulcR  or  amphigastria ;  or  a  sinuous  flat 
mass  of  green  vegetable  matter  lying  upon  the  ground. 

In  Jungermannia,  that  part  which  is  most  obviously  con- 
nected with  the  reproduction  of  the  plant,  and  which  bears  an 
indisputable  analogy  to  the  theca  of  mosses,  is  a  valvular 
brown  case,  called  the  capsule  or  conceptacle  {sporocarpium), 
elevated  upon  a  white  cellular  tender  seta,  and  originating 
from  a  hollow  sheath  or  perichsetium  arising  among  the  leaves. 
This  conceptacle  contains  a  number  of  loose  spiral  fibres 
(elaters),  enclosed  in  membranous  cases,  among  which  sporules 
lie  intermixed  :  when  fully  ripe,  the  membranous  case  usually 
disappears,  the  spiral  fibres,  which  are  powerfully  hygro- 
metic,  uncurl,  and  the  sporules  are  dispersed.  When  yomig, 
the  conceptacle  is  enclosed  in  a  membranous  bag,  which  it 
ruptures  when  it  elongates,  but  which  it  does  not  carry 
upwards  upon  its  point,  as  mosses  carry  their  calyptra.  This 
part,  nevertheless,  bears  the  latter  name. 

Besides  the  conceptacles  of  Jungermannia,  there  are  two 
other  parts  which  are  thought  to  be  also  intended  for  the 
purpose  of  reproduction :  of  these  one  consists  of  spherical 
bodies,  scattered  over  the  surface  of  some  parts  of  the  frond, 
and  containing  a  granular  substance ;  the  other  is  a  hollow 
pouch,  formed  out  of  the  two  coats  of  a  flat  frond,  and  produc- 
ino-  from  its  inside,  which  is  the  centre  of  the  frond,  numerous 
aranulated  round  bodies  which  are  discharged  through  the 
funnel-shaped  apex  of  the  pouch. 

There  are  also  other  bodies  situated  in  the  axillae  of  the 
perichffitial  leaves,  called  anthers  (or  spermatoajstidia,  by 
Hedwig,  and  staminidia,  by  Agardh),  which  "are  externally 
composed  of  an  extremely  thin,  pellucid,  diaphanous  mem- 
brane," —  "  within  they  are  filled  with  a  fluid,  and  mixed 
with  a  very  minute  granulated  substance,  generally  of  an 
ohvaceous  or  greyish  colour:  this,  when  the  anther  has 
arrived  at  a  state  of  maturity,  escapes  through  an  irregularly 
shaped  opening,  which  bursts  at  the  extremity."  Von  Mar- 
tins suspects  them  to  be  analogous  to  the  sporangia  of  Azolla. 
In  Monoclea  and  Targionia  organs  very  analogous  to  those 
of  Jungermannia  are  formed  for  reproduction. 

In  Marchantia  the  frond  is  a  lobed  flat  green  substance, 
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not  dividing  into  leaves  and  stems,  but  lying  horizontally  upon 
the  ground,  and  emitting  roots  from  its  under  surface.  The 
organs  of  reproduction  consist,  firstly^  of  a  stalked  fungus-like 
receptacle,  carrying  on  its  apex  a  calyptra,  and  bearing  tlieccR 
on  its  under  side ;  secondly^  of  a  stalked  receptacle,  plane  on 
the  upper  surface,  with  oblong  bodies  imbedded  vertically  in 
the  disk,  and  called  anthers ;  thirdly,  "  of  little  open  cups 
{cystulce),  sessile  on  the  upper  surface  of  the  fronds,  and  con- 
taining minute  green  bodies  {germnce),  which  have  the  power 
of  producing  new  plants."  The  first  kind  is  usually  con- 
sidered a  female  flower,  its  sporules  intermixed  with  elaters  : 
the  second  male,  and  the  third  viviparous  apparatus.  In 
the  opinion  of  many  modern  botanists,  the  granules  of  both 
the  two  first  are  sporules  :  about  the  function  of  the  last  there 
is  no  difference  of  opinion.  Mirbel  considers  the  first  to  be 
male  and  female ;  but  it  must  be  confessed  that  in  structure 
there  is  but  little  analogy  between  them  and  the  organs  of 
more  perfect  plants. 

In  Anthoceros,  while  the  vegetation  is  the  same  as  in  Mar- 
chantia,  the  organs  of  reproduction  are  very  different.  They 
consist  of  a  subulate  column,  issuing  from  a  perichaetium 
perpendicular  to  the  frond,  and  opening  halfway  into  two 
valves,  which  discover,  upon  opening,  a  subulate  columella, 
to  which  sporules  are  attached  without  any  elaters.  There 
are  also  cystulse  upon  the  frond,  in  which  are  enclosed  pedi- 
cellate, reticulated  bodies,  called  anthers. 

Sjjhcerocarpus  consists  of  a  delicate  roundish  frond,  on  the 
surface  of  which  are  clustered  several  cystula?,  each  of  which 
contains  a  transpai'ent  spherule  filled  with  sporules. 

In  Riccia  the  spherules  are  not  surrounded  by  cystulse,  but 
immersed  in  the  substance  of  the  frond. 

7.  Lichens. 

These  have  a  lobed  frond  or  thallus,  the  inner  substance 
of  which  consists  wholly  of  reproductive  matter,  that  breaks 
through  the  upper  surface  in  certain  forms,  which  have 
been  called  fructification.  These  forms  are  twofold ;  firstly, 
shields  or  scutella,  which  are  little  coloured  cups  or  lines  with 
a  hard  disk,  surrounded  by  a  rim,  and  containing  asci,  or 
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tubes  filled  with  sporules ;  and,  secondly,  soredia,  which  are 
heaps  of  pulverulent  bodies  scattered  over  the  surface  of  the 
thallus.  The  nomenclature  of  the  parts  of  lichens  has  been 
excessively  extended  beyond  all  necessity :  it  is,  however, 
absolutely  indispensable  that  it  should  be  fully  understood  by 
those  who  wish  to  read  the  systematic  writers  upon  the 
subject :  — 

1.  Apothecia,  are  shields  of  any  kind. 

2.  Perit/iecium,  is  the  part  in  which  the  asci  are  immersed. 

3.  Hyjjothecium,    the  substance   that  surrounds,    or    overlies 

the  perithecium,  as  in  Cladonia. 

4.  Scutelhim,  is  a  shield  with  an  elevated  rim,  formed  by  the 

thallus.      Orhilla  is  the  scutellum  of  Usnea. 

5.  Pelta,  is  a  flat  shield  without  any  elevated  rim,  as  in  the 

genus  Peltidea. 

6.  Tuherculum^  or  cej)halodium,   is  a  convex  shield  without  an 

elevated  rim. 

7.  Trica,   or  Gyroma,   is   a   shield,    the  surface   of  which  is 

covered  with  sinuous  concentric  furiT>ws. 

8.  Lirella,  is  a  linear  shield,  such  as  is  found  in  Opegrapha, 

with  a  channel  along  its  middle. 

9.  Patellula,  an  orbicular  sessile  shield,  surrounded  by  a  rim 

which  is  part  of  itself,  and  not  a  production  of  the  thal- 
lus, as  in  Lecidea.  D.  C. 

10.  Globidus,  a  round  deciduous,  shield,  formed  of  the  thallus, 
and  leaving  a  hollow  when  it  falls  off,  as  in  Isidium.  D.  C. 

11.  Pilidium^  an  orbicular  hemispherical  shield,  the  outside  of 

which  changes  to  powder,  as  in  Calycium.  D.  C. 

12.  Podetia,  the  stalk-like  elongations  of  the  thallus,  which 

support  the  fructification  in  Cenomyce. 

13.  Scypha  {oplariiim.  Neck.),  is  a  cup-like  dilatation  of  the 

podetium,  bearing  shields  on  its  margin. 

14.  Soredia  {glohidi,  glomeluri),  are  heaps  of  powdery  bodies 
lying  upon  any  part  of  the  surface  of  the  thallus ;  the 
bodies  of  which  the  soredia  are  composed  are  called 
conidia  by  Link,  and  propagida  by  others. 

15.  Cystula,  or  Cistella,  a  round  closed  apothecium,  filled  with 
sporules,  adhering  to  filaments  which  are  arranged  like 
rays  around  a  common  centre,  as  in  Sphserophoron. 
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16.  Pulviluni,  are  spongy,  excrescence-like  bodies,  sometimes 

rising  from  the  thallus,  and  often  resembling  minute 
trees,  as  in  Parmelia  glomulifera.      Greville. 

17.  Cyphellce,  are  pale  tubercle-like  spots  on  the  under  surface 
of  the  thallus,  as  in  Sticta.      Grev. 

18.  LacuncB,  are  small  hollows  or  pits  on  the  upper  surface  of 

the  thallus.      Grev. 

19.  Nucleus proligerus,  is  a  distinct  cartilaginous  body,  coming 

out  entire  from  the  apothecia,  and  containing  the  spo- 
rules.     Grev. 

20.  Lamina   proligera,     is     a    distinct  body    containino-  the 

sporules,  separating  from  the  apothecia,  often  very  convex 
and  variable  in  form,  and  mostly  dissolving  into  a  gela- 
tinous mass.     Grev. 

21.  Fihrillce,  are  the  roots. 

22.  JExcipulus,  is  that  part  of  the  thallus  which  forms  a  rim 

and  base  to  the  shields. 

23.  Nucleus,  is  the  disk  of   the    shield    which    contains   the 

sporules  and  their  cases. 

24.  Asci,  are  tubes,  in  which  the  sporules  are  contained  while 

in  the  nucleus. 

25.  Tliallodes,  is  an  adjective  used  to  expi-ess  an  origin  from 
the  thallus  :  thus,  margo  thallodes  signifies  a  rim  formed 
by  the  tliallus,  excipulus  thallodes  a  cup  formed  by  the 
thallus. 

26.  Lorulum,  is  used  by  Acharius  to  express  a  filamentous, 

branched  thallus. 

27.  Crustay  is  a  brittle  crustaceous  thallus. 

28.  Gongyli,  are  the  Granules  contained  in  the  shields,  and 
have  been  thought  to  be  the  sporules  by  which  lichens 
are  propagated  :  but  this  is  doubted  by  Agardh. 

8.  AlgcB  and  Ckaraeece. 

These,  with  fungi,  constitute  the  lowest  order  of  vegetable 
developement :  they  vaiy  in  size  from  mere  microscopic  ob- 
jects to  a  large  size,  and  are  composed  of  cellular  tissue  in 
various  degrees  of  combination ;  some  are  even  apparently  ani- 
mated, and  thus  form  a  link  between  the  two  great  kingdoms 
of  organised   matter.     Their  sporules   are   either   scattered 
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through  tlie  general  mass  of  each  plant,  or  collected  in  cer- 
tain places  which  are  more  swollen  than  the  rest  of  the  stem, 
and  sometimes  resemble  the  pericarpia  of  perfect  plants. 
The  terms  used  in  speaking  of  the  parts  of  Algae  are  the 
following :  — 

1.  Gongylus;  a  round  hard  body,  which  falls  off  the  mother 
plant,  and  produces  a  new  individual :  this  is  found  in 
Fuci.      W. 

2.  Tliallus ;  the  plant  itself. 

3.  Apothecia ;  the  cases  in  which  the  organs  of  reproduction 
are  contained. 

4.  Peridiolum^  Fr. ;  the  membrane  by  which  the  sporules  are 

immediately  covered. 

5.  Granula  ;  large  sporules,  contained  in  the  centre  of  many 

Algse ;  as  in  Gloionema  of  Greville.     Crypt. Jl.  6.  30. 


6.  Pseudoperitliecium ; 

7.  Pseudohymenium  ; 

8.  Pseudopei'idium  ; 


terms  used  by  Fries  to  express  such 
coverings  of  sporidia  as  resemble 
in  figure  the  parts  named  peri- 
thecium,  hymenium,  and  peridium  in  other  plants;  see 
those  terms. 
9.  Sporidia ;  granules  whicli  resemble  sporules,  but  which 
are  of  a  doubtful  nature.  It  is  in  this  sense  that  Fries 
declares  that  he  uses  the  word  :  vide  Plant,  liomonom. 
p.  294.     They  are  also  called  Sporce. 

10.  Phycomater,    Fries;   the  gelatine  in  which  the  sporules  of 

Byssaceae  first  vegetable. 

11.  Vesiculce;  inflations  of  the  thallus,  filled  with  air,  by  means 
of  which  the  plants  are  enabled  to  float. 

12.  Hypha,  Willd. ;  tlie  filamentous,  fleshy,  watery  thallus  of 
Bvssaceae. 

13.  Nucula  ;  one  of  the  apothecia  of  Characeae  ;  described  by 
Greville  to  be  a  sessile,  oval,  solitary,  spirally  striated 
body,  with  a  membranous  covering,  and  the  summit 
indistinctly  cleft  into  five  segments  containing  sporules. 

14.  Globules;  the  second  organ  of  Characeae;  the  excellent 
observer  last  quoted  describes  it  as  a  minute  round  body 
of  a  reddish  colour,  composed  externally  of  a  number  of 
triangular  (always  ?  )  scales,  which  separate,  and  produce 
its  dehiscence.     The   interior  is  filled  with  a  mass  of 
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elastic,  transversely  undulated  filaments.  The  scales  are 
composed  of  radiating  hollow  tubes,  partly  filled  with 
minute  coloured  granules,  which  freely  escape  when  the 
tubes  are  injured:  their  nature  is  wholly  unknown,  and, 
I  believe,  hitherto  unnoticed. 
15.  Coniocysta ;  tubercle-like  closed  apothecia,  containing  a 
mass  of  sporules. 

9.  Fungi. 

The  structure  of  these  plants  is  yet  more  simple  than  that 
of  Algae,  consisting  of  little  besides  cellular  tissue,  among 
which  sporules  lie  scattered.  Some,  of  the  lowest  degree  of 
developement,  are  composed  only  of  a  few  cellules,  of  which 
one  is  larger  than  the  rest,  and  contains  the  sporules ;  others 
are  more  highly  compounded,  consisting  of  myriads  of  cellules, 
with  the  sporules  lying  in  cases,  or  asci.  Notwithstanding  the 
extreme  simplicity  of  these  plants,  writers  upon  fungi  have 
contrived  to  multiply  the  terms  relating  to  them  in  a  remark- 
able manner.  The  following  are  all  with  which  I  am  ac- 
quainted :  — 

1.  l^he  pileus,  or  cap,  is  the  uppermost  part  of  the  plant  of 

an  Agaricus,  and  resembles  an  umbrella  in  form. 

2.  The  stipes,  is  the  stalk  that  supports  the  pileus. 

3.  The  volva,  or  wrapper,  is  the  involucrum-like  base  of  the 

stipes  of  Agaricus.  It  originally  was  a  bag  enveloping 
the  whole  plant,  and  was  left  at  the  foot  of  the  stipes 
when  the  plant  elongated  and  burst  through  it. 

4.  The  velum,  or  veil,   is  a  horizontal  membrane,  connecting 

the  margin  of  the  pileus  with  the  stipes  :  when  it  is 
adnate  with  the  surface  of  the  pileus,  it  is  a  velum 
universale  ;  when  it  extends  only  from  the  margin  of  the 
pileus  to  the  stipes,  it  is  a  velum  partiale. 

5.  The  anmdus,  is  that  part  of  the  veil  which  remains  neX:t 

the  stipes,  which  it  surrounds  like  a  loose  collar. 

6.  Cortina,  is  a  name  given  to  a  portion  of  the  velum  which 

adheres  to  the  margin  of  the  pileus  in  fragments. 

7.  The  hymenium,  is  the  part  in  which  the  sporules  imme- 

diately lie ;  in  Agaricus,  it  consists  of  parallel  plates, 
called  lamellcB,  or  gills ;  these  are  adnate  with  the  stipes, 
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when  the  end  next  it  cohere  with  it :  when  they  are 
adnate,  and  at  the  same  time  do  not  terminate  abruptly 
at  the  stipes,  but  are  carried  down  it  more  or  less,  they 
are  decurrent ;  if  they  do  not  adhere  to  the  stipes,  they 
are  said  to  he  free, 

8.  Stroma,  is  a  fleshy  body  to  which  flocci  are  attached ;  as 

in  Isaria  and  Cephalotrichum. 

9.  Flocci,  are  woolly  filaments  found  mixed  with  sporules  in 

the  inside  of  many  Gastromyci.  The  same  name  is 
also  applied  to  the  external  filaments  of  Byssaceae. 

10.  Orbiculus,  is  a  round  flat  hymenium  contained  within  the 

peridium  of  some  fungi ;  as  Nidularia.     W. 

11.  Nucleus,  is  the  central  part  of  a  perithecium. 

12.  Sporangium,  is  the  external  case  of  Lycoperdon  and  its 

allies. 

13.  Sporangiola,  are  cases  containing  sporidia. 

14.  Perithecium,   is    a  term  used  to  express  the  part  which 

contains  the  reproductive  organs  of  Sphseria  and  its 
co-ordinates. 

15.  Peridium,  is  also  a  kind  of  covering  of  sporidia;  peridio- 

lum  is  its  diminutive. 

16.  Ostiolum,  is  the  orifice  of  the  perithecium  of  Sphseria. 

17.  Spherula,  is  a  globose  peridium,  with  a  central  opening 

through  which  sporidia  are  emitted,  mixed  with  a  gela- 
tinous pulp. 

18.  Capillitium,  is  a  kind  of  purse  or  net,  in  which  the  sporules 

of  some  fungi  are  retained ;  as  in  Trichia.      W. 

19.  Trichidium,  or  pecten,    is  a  tender,  simple,   or  sometimes 

branched  hair,  which  supports  the  sporules  of  some 
fimgi ;  as  Geastrum.      W. 

20.  Asci,  are  the  tubes  in  which  the  sporidia  are  placed ; 

ascelli  or  theca  are  the  same  thing. 

21.  Sporidia,  are   the  immediate   covering  of  sporules;  spo- 

ridiola,  are  sporules. 

22.  TJiallus,  or  thalamus,  is  the  bed  of  fibres  from  which  many 

fvmgi  arise. 

23.  Mycelia,  are  the  rudiments  of  fungi,  or  the  matter  from 

which  fungi  are  produced. 
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BOOK  II. 

PHYSIOLOGY  ;    OR,    PLANTS    CONSIDERED    IN    A    STATE 

OF    ACTION. 


GENERAL    CONSIDERATIONS. 


We  have  thus  far  considered  plants  as  inert  bodies,  having 
certain  -modifications  of  structure,  and  formed  upon  a  plan, 
the  simplicity  and  uniformity  of  which  is  among  the  most 
beautiful  proofs  of  the  boundless  power  and  skill  of  the  Deity. 

Our  next  business  is  to  enquire  into  the  nature  of  their 
vital  actions,  and  to  consider  those  phenomena  in  which  the 
analogy  that  undoubtedly  exists  between  plants  and  animals 
is  most  striking ;  in  a  word,  to  make  ourselves  acquainted 
with  the  exact  nature  of  the  laws  of  vegetable  life. 

In  explaining  these  things,  it  is  not  my  purpose  to  notice  all 
the  different  speculations  that  ingenious  men  have  from  time 
to  time  brought  forward :  for  this  would  be  incompatible  with 
the  plan  of  my  work,  and  would  be  far  more  curious  than 
useful.  On  the  contrary,  I  propose,  in  the  first  place,  to  give 
a  summary  exposition  of  the  principal  phenomena  of  vegeta- 
tion, and  then  to  support  the  statement  by  a  detailed  account 
of  the  more  important  proofs  of  all  doubtful  points. 

In  this  I  have  been  most  materially  assisted  by  the  Physio- 
logic Vegetale  of  De  CandoUe,  a  work  of  wliich  it  is  difficult  to 
speak  in  terms  of  sufficient  eulogy,  but  which  I  feel  quite 
justified  in  describing  as  the  most  important  production  on 
the  subject  of  Vegetable  Physiology,  since  the  appearance  of 
the  Physique  des  Arbres  of  Duhamel. 


If  we  place  a  seed  —  that  of  an  apple  for  instance  —  in 
earth  at  the  temperatvu'e  of  32*^  Fahr.,  it  will  remain  inactive 
till  it  finally  decays.    But  if  it  is  placed  in  moist  earth  above 
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the  temperature  of  3^^,  and  screened  from  the  action  of  light, 
its  integument  gradually  imbibes  moisture  and  swells,  the 
tissue  is  softened,  and  acquires  the  capability  of  stretching, 
oxygen  is  absorbed,  carbonic  acid  expelled,  nutritious  food  for 
the  young  parts  is  prepared  by  the  conversion  of  starch  into 
sugar,  and  the  vital  action  of  the  embryo  commences.  It 
lengthens  downwards  by  the  radicle,  and  upwards  by  the 
cotyledons ;  the  former  penetrating  the  soil,  the  latter  elevat- 
ing themselves  above  it,  acquiring  a  green  colour  by  the 
deposition  of  the  carbon  they  absorb  from  the  atmosphere,  and 
unfolding  in  the  form  of  two  opposite  roundish  leaves.  Tills 
is  the  first  stage  of  vegetation :  the  young  plant  consists  of 
little  more  than  cellular  tissue ;  only  an  imperfect  develope- 
ment  of  vascular  and  fibrous  tissue  being  discoverable,  in  the 
form  of  a  sort  of  cylinder,  lying  just  in  the  centre.  The 
part  within  the  cylinder,  at  its  upper  end,  is  now  the  pith, 
without  it  the  bark ;  while  the  cylinder  itself  is  the  prepara- 
tion for  the  medullary  sheath,  and  consists  of  vertical  fibres 
passing  through  and  separated  by  cellular  tissue. 

The  young  root  is  now  lengthening  at  its  point,  and 
absorbing  from  the  earth  its  nutriment,  which  passes  up  to  the 
summit  of  the  plant  by  the  cellular  substance  of  the  pith,  and 
is  thence  impelled  into  the  cotyledons,  where  it  is  aerated 
and  evaporated,  and  urged  upwards  against  the  growing 
point  or  plumule :  such  of  it  as  is  not  fixed  in  the  cotyledons 
passes  down  through  the  bark  into  the  root. 

Forced  onwards  by  the  current  of  sap,  which  is  continually 
impelled  upwards  from  the  root,  the  plumule  next  ascends  in 
the  form  of  a  little  twig,  at  the  same  time  sending  roots 
downwards  in  the  centre  of  the  radicle,  in  the  form  of  fibres, 
which  become  the  earliest  portion  of  wood  that  is  deposited : 
these  fibres,  by  their  action,  now  compel  the  root  to  emit 
little  ramifications.  Previously  to  the  elongation  of  the 
plumule  its  point  has  acquired  the  rudimentary  state  of  a  leaf: 
this  latter  continues  to  develope  as  the  plumule  elongates,  imtil, 
when  the  first  internode  of  the  latter  ceases  to  lengthen,  the 
leaf  has  actually  ai'rived  at  its  complete  formation.  When 
fully  grown  it  repeats  in  a  much  more  perfect  manner  the 
functions  previously  performed  by  the  cotyledons :  it  aerates 
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the  sap  that  it  receives,  and  returns  the  superfluous  portion 
of  it  downwards  through  the  bark  to  the  root ;  it  also  sends 
fibres  down  between  the  medullary  sheath  and  the  bark,  thus 
forming  the  first  stratum  of  wood  in  the  new  stem.  During 
these  operations,  while  the  plumule  is  ascending,  its  leaf  form- 
ing and  acting,  and  the  woody  matter  created  by  its  descend- 
ing, the  cellular  tissue  of  the  stem  is  forming,  and  expanding 
horizontally  to  make  room  for  the  new  matter  forced  into  it ; 
so  that  developement  is  going  on  simultaneously  both  in 
a  horizontal  and  perpendicular  direction.  This  process  may 
not  inaptly  be  compared  to  that  of  weaving,  the  warp  being 
the  perpendicular,  and  the  weft  the  horizontal,  formation.  In 
order  to  enable  the  leaf  to  perform  its  functions  of  aeration 
completely,  it  is  traversed  by  veins  originating  in  the  pith,  and 
has  delicate  pores  (stomates),  which  communicate  with  a 
highly  complex  pneumatic  system  that  extends  to  almost 
every  part  of  the  plant. 

Simultaneously  with  the  descent  of  fibres  downwards  from 
the  leaf,  the  emission  of  young  roots,  and  their  increase  by 
addition  to  the  cellular  substance  of  their  points,  take  place. 
They  thus  are  made  to  bear  something  like  a  definite  propor- 
tion to  the  leaves  they  have  to  support,  and  with  which  they 
must  of  necessity  be  in  direct  communication. 

After  the  production  of  its  first  leaf  by  the  plumule,  others 
are  successively  produced  around  the  axis  at  its  growing 
point,  all  constructed  alike,  connected  with  the  stem  or  axis 
in  the  same  manner,  and  performing  precisely  the  same  func- 
tions as  have  been  just  described.  At  last  the  axis  ceases  to 
lengthen ;  the  old  leaves  gradually  fall  off;  the  new  leaves, 
instead  of  expanding  after  their  formation,  retain  their  rudi- 
mentary condition,  harden,  and  fold  over  one  another,  so  as 
to  be  a  protection  to  the  delicate  point  of  growth  ;  or,  in 
other  words,  become  the  scales  of  a  bud.  We  have  now  a 
shoot  with  a  woody  axis,  and  a  distinct  pith  and  bark ;  and 
of  a  more  or  less  conical  figure.  At  the  axil  of  every  leaf 
a  bud  had  been  generated  during  the  growth  of  the  axis  ;  so 
that  the  shoot,  when  deprived  of  its  leaves,  is  covered  from  end 
to  end  with  little,  symmetrically  arranged,  projecting  points, 
which  are  the  buds.      The  cause  of  the  figure  of  the  perfect 
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shoot  bein^  conical  is,  that,  as  the  wood  originates  from  the 
base  of  the  leaves,  the  lower  end  of  the  shoot,  which  has  the 
greatest  number  of  strata,  because  it  has  the  greatest  number 
of  leaves  above  it,  will  be  the  thickest ;  and  the  upper  end, 
which  has  had  the  fewest  leaves  to  distend  it  by  their  deposit, 
will  have  the  least  diameter.  Thus  that  part  of  the  stem 
which  has  two  leaves  above  it  will  have  wood  formed  by  two 
successive  deposits ;  that  which  has  nine  leaves  above  it  will 
have  wood  formed  by  nine  successive  deposits ;  and  so  on : 
while  the  growing  point,  as  it  can  have  no  deposit  of  matter 
from  above,  will  have  no  wood,  the  extremity  being  merely 
covered  by  the  rudiments  of  leaves  hereafter  to  be  developed. 

If  at  this  time  a  cross  section  be  examined,  it  will  be  found 
that  the  interior  is  no  longer  imperfectly  divided  into  two 
portions,  namely,  pith  and  skin,  as  it  was  when  first  ex- 
amined in  the  same  way,  but  that  it  has  distinctly  two,  internal, 
pei'fect,  concentric  lines,  the  outer  indicating  a  separation  of 
the  bark  from  wood ;  and  the  inner,  a  separation  of  the  wood 
from  the  pith :  the  latter,  too,  which  in  the  first  observation 
was  fleshy,  and  saturated  with  humidity,  is  become  distinctly 
cellular,  and  altogether  or  nearly  dry. 

With  the  spring  of  the  second  year  and  the  return  of 
warm  weather  vegetation  recommences. 

The  uppermost,  and  perhaps  some  other,  buds  which  were 
formed  tlie  previous  year  gradually  unfold,  and  pump  up  sap 
from  the  stock  remaining  in  store  about  them  ;  the  place  of  the 
sap  so  removed  is  instantly  supplied  by  that  which  is  next  it ; 
an  impulse  is  thus  given  to  the  fluids  from  the  summit  to  the 
roots ;  fresh  extension  and  fresh  fibrOs  are  given  to  the 
roots ;  new  sap  is  absorbed  from  the  earth,  and  sent  upwards 
through  the  wood  of  last  year ;  and  the  phenomenon  called  the 
flow  of  the  sap  is  fully  completed,  to  continue  with  greater  or 
less  velocity  till  the  return  of  winter.  The  growing  point 
lengthens  upwards,  forming  leaves  and  buds  in  the  same  way 
as  the  parent  shoot:  in  like  manner  also  each  bud  sends  down 
its  roots,  in  the  form  of  fibres  within  the  bark  and  above  the 
wood  of  the  shoot  from  which  it  sprang ;  thus  forming  on  the 
one  hand  a  new  layer  of  wood,  and  on  the  other  a  fresh 
deposit  of  bark.     In  order  to  facilitate  this  last  operation,  the 
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old  bark  and  wood  are  separated  in  the  spring  by  the  exudation 
from  both  of  them  of  the  glutinous,  slimy  substance  called 
cambium;  wliich  appears  to  be  expressly  intended,  in  the 
first  instance,  to  facilitate  the  descent  of  the  subcortical  fibres 
of  the  growing  buds  ;  and,  in  the  second  place,  to  assist  in 
generating  the  cellular  tissue  by  which  the  horizontal  dilata- 
tion of  the  axis  is  caused,  and  which  maintains  a  communica- 
tion between  the  bark  and  the  centre  of  the  stem.  These 
lines  of  communication  have,  by  the  second  year,  become  suf- 
ficiently developed  to  be  readily  discovered,  and  are  in  fact 
the  medullary  rays  spoken  of  in  the  last  book.  It  will  be 
remembered  that  there  was  a  time  when  that  which  is  now 
bark  constituted  a  homogeneous  body  with  the  pith ;  and  that 
it  was  after  the  leaves  began  to  come  into  action  that  the 
separation  which  now  exists  between  the  bark  and  pith  took 
place.  At  the  time  when  they  were  indissolubly  united  they 
both  consisted  of  cellular  tissue,  with  a  few  spiral  vessels  upon 
the  line  indicative  of  future  separation.  When  a  deposit  of 
wood  was  formed  from  above  between  them  they  were  not 
wholly  divided  the  one  from  the  other,  but  the  deposit  was 
effected  in  such  a  way  as  to  leave  a  commvmication  by  means 
of  cellular  tissue  between  the  bark  and  the  pith ;  and,  as  this 
formation  is  at  all  times  coaetaneous  with  that  of  the  wood, 
the  communication  so  effected  between  the  pith  and  bark  is 
quite  as  perfect  at  the  end  of  the  third  year  as  it  is  at  the 
beginning  of  the  first ;  and  so  it  will  continue  to  be  to  the 
end  of  the  growth  of  the  plant.  The  sap  which  has  been 
sucked  into  circulation  by  the  unfolding  leaves  is  exposed,  as 
in  the  previous  year,  to  the  effect  of  air  and  light ;  is  then  re- 
turned through  the  petiole  to  the  stem,  and  sent  downwards 
through  the  bark,  to  be  from  it  either  conveyed  to  the  root, 
or  distributed  horizontally  by  the  medullaiy  rays  to  the  centre 
of  the  stem.  At  the  end  of  the  year  the  same  phenomena 
occur  as  took  place  the  first  season :  wood  is  gradually  de- 
posited by  slower  degrees,  whence  the  last  portion  is  denser 
than  the  first,  and  gives  rise  to  the  appearance  called  the 
annual  zones :  the  new  shoot  or  shoots  are  prepared  for  winter, 
and  are  again  elongated  cones,  as  vvas  the  first ;  and  this  latter 
has  acquired  an  increase  in    diameter  proportioned  to   the 
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quantity  of  new  shoots  -which  it  produced,  new  shoots  being 
to  it  now  what  young  leaves  were  to  it  before. 

The  third  year  all  that  took  place  the  year  before  is 
repeated :  more  roots  appear ;  sap  is  again  absorbed  by  the 
unfolding  leaves ;  and  its  loss  is  made  good  by  new  fluids  in- 
troduced by  the  roots  and  transmitted  through  the  alburnum 
or  wood  of  the  year  before ;  new  wood  and  liber  are  deposited 
by  matter  sent  downwards  by  the  buds ;  cambium  is  exuded ; 
the  horizontal  developement  of  cellular  tissue  is  repeated,  but 
more  extensively ;  wood  towards  the  end  of  the  year  is  foi-med 
more  slowly,  and  has  a  more  compact  character ;  and  another 
ring  appears  indicative  of  this  year's  increase. 

In  precisely  the  same  manner  as  in  the  second  and  third 
years  of  its  existence  will  the  plant  continue  to  vegetate,  till 
the  period  of  its  decay,  each  successive  year  being  a  repetition 
of  the  phenomena  of  that  which  preceded  it. 

After  a  certain  number  of  years  the  tree  arrives  at  the 
age  of  puberty :  the  period  at  which  this  occurs  is  very  uncer- 
tain, depending  in  some  measure  upon  adventitious  circum- 
stances, but  more  upon  the  idiosyncrasy,  or  peculiar  constitu- 
tion of  the  individual.  About  the  time  when  this  alteration  of 
habit  is  induced,  by  the  influence  of  which  the  sap  or  blood  of 
the  plant  is  to  be  partially  directed  from  its  former  courses 
into  channels  in  which  its  force  is  to  be  applied  to  the  pro- 
duction of  new  individuals  rather  than  to  the  extension  of 
itself;  —  about  this  time  it  will  be  remarked  that  certain  of 
the  young  branches  do  not  lengthen,  as  had  been  heretofore 
the  wont  of  others,  but  assume  a  short  stunted  appearance, 
probably  not  growing  two  inches  in  the  time  which  had  been 
previously  sufficient  to  produce  twenty  inches  .of  increase.  Of 
these  little  stunted  branches,  called  spurs,  the  terminal  bud 
acquires  a  swollen  appearance,  and  at  length,  instead  of  giving 
birth  to  new  leaves,  produces  from  its  bosom  a  cluster  of 
flower-buds,  or  alabastri,  which  had  been  enwrapped  and 
protected  from  injury  during  the  previous  winter  by  several 
layers  of  imperfect  leaves,  now  brought  forth  as  bracts.  Sap 
is  impelled  into  the  calyx  through  the  pedicel  by  gentle  de- 
grees, is  taken  up  by  it,  and  exposed  by  the  surface  of  its 
tube  and  segments  to  air  and  light ;  but,  having  very  imperfect 
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means  of  returning,  all  that  cannot  be  consumed  by  the  calyx 
is  forced  onwards  into  the  circulation  of  the  petals,  stamens, 
and  pistil.  The  petals  unfold  themselves  of  a  dazzling  white 
tinged  with  pmk,  and  expose  the  stamens ;  at  the  same  time 
the  disk  changes  into  a  saccharine  substance,  which  nourishes 
the  stamens  and  pistil,  and  gives  them  energy  to  perform 
their  functions. 

At  a  fitting  time,  the  stigmatic  surface  of  the  pistil  being 
ready  to  receive  the  pollen,  the  latter  is  injected  upon  it  fi'om 
the  anthers,  which  have  remained  in  approximation  to  it  for 
that  particular  purpose.  When  the  pollen  touches  the  stigma, 
the  grains  adhere  firmly  to  it  by  means  of  its  viscid  surface, 
then  emit  a  delicate  membranous  tube,  which  piei'ces  into  the 
stigmatic  tissue,  lenojthens  thei'e,  and  convevs  the  vivif\'incj 
matter  contained  in  the  pollen  towards  the  ovules,  which  it  finally 
enters  by  means  of  their  foramen.  This  has  no  sooner  oc- 
curred than  the  petals  and  stamens  fade  and  fall  away,  their 
ephemeral  but  important  functions  being  accomplished.  All 
the  sap  which  is  afterwai'ds  impelled  tlu'ough  the  peduncle 
can  only  be  disposed  of  to  the  calyx  and  ovary,  where  it 
lodges :  both  these  swell  and  form  a  young  fruit,  which  con- 
tinues to  grow  as  long  as  any  new  matter  of  growth  is  supplied 
from  the  parent  plant.  After  a  certain  period  the  juices  of 
the  fruit  cease  to  be  increased  by  the  addition  of  new  matter, 
its  surface  performs  the  functions  of  leaves  in  exposing  the 
juice  to  light  and  air;  finally  it  ceases  to  decompose  carbonic 
acid,  gains  oxygen  in  excess,  loses  its  green  colour,  assumes 
the  rich  ruddy  glow  of  maturity;  the  juices  cease  to  be  in- 
fluenced by  light ;  the  peduncle  is  no  longer  a  passage  for 
fluids,  but  dries  up  and  becomes  unequal  to  supporting  the 
fruit,  which  at  last  falls  to  the  earth.  Here,  if  not  destroyed 
by  animals,  it  lies  and  decays  :  in  the  succeeding  spring  its 
seeds  are  stimulated  into  life,  strike  root  in  the  mass  of  decayed 
matter  that  surrounds  them,  and  spring  forth  as  new  plants  to 
undergo  all  the  vicissitudes  of  their  parent. 

Such  are  the  progressive  phenomena  in  the  vegetation,  not 
only  of  the  apple,  but  of  all  trees  that  are  natives  of  nortliern 
climates,  and  of  a  large  part  of  the  herbage  of  the  same  coun- 
tries —  modified,  of  course,  by  peculiarities  of  structure  and 
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constitution :  as  in  annual  and  herbaceous  plants,  and  in  those 
the  leaves  of  which  are  opposite  and  not  alternate ;  but  all 
the  more  essential  circumstances  of  their  growth  are  the  same 
as  those  of  the  apple  tree. 

If  we  reflect  upon  these  phenomena,  our  minds  can  scarcely 
fail  to  be  deeply  impressed  with  admiration  at  the  perfect  sim- 
plicity and,  at  the  same  time,  faultless  skill  with  which  all  the 
machinery  is  contrived  upon  which  vegetable  life  depends.  A 
few  forms  of  tissue,  interwoven  horizontally  and  perpendicu- 
larly, constitute  a  stem ;  the  development,  by  the  first  shoot 
that  the  seed  produces,  of  buds  which  grow  upon  the  same 
plan  as  the  first  shoot  itself,  and  a  constant  repetition  of  the 
same  phenomenon,  cause  an  increase  in  the  length  and  breadth 
of  the  plant ;  an  expansion  of  the  bark  into  a  leaf,  within 
which  ramif^y  veins  proceeding  from  the  seat  of  nutritive 
matter  in  the  new  shoot,  the  provision  of  air-passages  in  its 
substance,  and  of  pores  on  its  surface,  enables  the  crude  fluid 
sent  from  the  root  to  be  elaborated  and  digested  until  it  be- 
comes the  peculiar  secretion  of  the  species ;  the  conti'action  of 
a  branch  and  its  leaves  forms  a  flower ;  the  disintegration  of 
the  internal  tissue  of  a  petal  forms  pollen ;  the  folding  in- 
wards of  a  leaf  is  sufficient  to  constitute  a  pistil ;  and,  finally, 
the  gorging  of  the  pistil  with  fluid  which  it  cannot  part  with, 
causes  the  production  of  a  fruit. 

In  hot  latitudes  there  exists  another  race  of  trees,  of  which 
Palms  are  the  representatives ;  and  in  the  north  there  are 
many  herbs,  in  which  growth,  by  addition  to  the  ovitside,  is 
wholly  departed  from,  the  reverse  taking  place ;  that  is  to  say, 
their  diameter  increasing  by  addition  to  the  inside.  As  the 
seeds  of  such  plants  are  formed  with  only  one  cotyledon,  they 
are  called  monocotyledonous ;  and  their  growth  being  from 
the  inside,  they  are  also  named  endogens.  In  these  plants  the 
functions  of  the  leaves,  flowers,  and  fruit  are  in  nowise  dif- 
ferent from  those  of  the  apple ;  their  peculiarity  consisting 
only  in  the  mode  of  forming  their  stems.  When  a  monocoty- 
ledonous seed  has  vegetated  it  usually  does  not  disentangle  its 
cotyledon  from  the  testa,  but  simply  protrudes  the  collum  and 
the  radicle ;  the  cotyledon  swelling,  and  remaining  firmly 
encased    in  the    seminal    integuments.     The   radicle  shoots 
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downwards  to  become  root ;  and  a  leaf  is  emitted  from  the 
side  of  the  colhim.     This  first  leaf  is  succeeded  by  another 
facing  it,  and  arising  from  its   axil ;  the  second  produces  a 
third  facing  it,  and  arising  also  from  its  axil ;  and,  in  this 
manner,  the  production  of  leaves  continues,  until  the  plant,  if 
caulescent,  is  ready  to  produce  its  stem.      Up  to  this  period 
no  stem  having  been  formed,  it  has  necessarily  happened  that 
the  bases  of  the  leaves  hitherto  produced  have  been  all  upon 
the  same  plane ;   and  as  each  has  been  produced  from  the 
bosom  of  the   other  without  any  such  intervening  space  as 
occurs  in  dicotyledonous  plants,  it  would  be  impossible  for  the 
matter  of  wood,  if  any  was  formed,  to  be  sent  downwards 
around  the  circumference  of  the  plant :  it  would,  on  the  con- 
trary, have  been  necessarily  deposited  in  the  centre.    In  point 
of  fact,  however,  no  deposit  of  wood  like  that  of  dicotyledons 
takes  place,  either  now  or  hereafter.     The  union  of  the  bases 
of  the  leaves   has  formed   a  fleshy  stock,  cormus,  or  plate, 
which,  if  examined,  will  be  found  to   consist  of  a  mass  of 
cellular  tissue,    traversed   by  perpendicular    and    horizontal 
bundles  of  vascular  and  woody  tissue,  taking  their  origin  in 
the  veins  of  the  leaves,  of  which  they  are  manifest  prolong- 
ations downwards;  and  there  is  no  trace  of  bark,  medullary 
rays,  or  central  pith :  the  whole  body  being  a  mass  of  pith, 
v/oody  and  vascular  tissue,  mixed  together.     To  understand 
this  formation  yet  more  clearly,  consider  for  a  moment  the 
internal  structure  of  the  petiole  of  a  dicotyledon  :  it  is  com- 
posed of  a  bundle  or  bundles  of  vascular  tissue  encased  in 
woody  fibre,  surrounded  on  all  sides  with  pith,  or,  which  is 
the  same   thing,   parenchyma.     Now  suppose  a  nmnber  of 
these  petioles  to  be  separated  from  their  blades,  and  to  be  ti^ 
in  a  bunch  parallel  with  each  other,  and,  by  lateral  pressure, 
to  be  squeezed  so  closely  together  that  their  surfaces  touch 
each  other  accurately,   except  at  the   circumference  of  the 
bvuicli.     If  a  transverse  section   of  these   be  made,   it  will 
exhibit  the  same  mixture  of  bundles  of  woody  tissue  and  par- 
enchyma, and  the  same  absence  of  distinction  between  pith, 
wood,  and  bark,  which  has  been  noticed  in  the  cormus,  or 
plate,  of  monocotyledons. 

As  soon  as  the  plate  has  arrived  at  the  necessary  diameter 
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it  begins  to  lengthen  upwards,  leaving  at  its  base  those  leaves 
that  were  before  at  its  circumference,  and  canning  upwards 
with  it  such  as  occupied  its  centre;  at  the  same  time,  new 
leaves  continue  to  be  generated  at  the  centre,  or,  as  it  must 
now  be  called,  at  the  apex  of  the  shoot. 

As  fresh  leaves  are  developed,  they  thrust  aside  to  the  cir- 
cumference those  which  preceded  them,  and  a  stem  is  by 
degrees  produced.  Since  it  has  not  been  formed  by  additions 
made  to  its  circumference  by  each  successive  leaf,  it  is  not 
conical,  as  in  dicotyledons ;  but,  on  the  contrary,  as  its  in- 
crease has  been  at  the  centre,  which  has  no  power  to  extend 
its  limits,  being  confined  by  the  circumference  which,  when 
once  formed,  does  not  afterwai'ds  materially  alter  in  dimen- 
sions, it  is,  of  necessity,  cylindrical :  and  this  is  one  of  the 
marks  by  which  a  monocotyledon  is  often  to  be  known  in  the 
absence  of  other  evidence.  The  centre  being  but  little  acted 
upon  by  lateral  pressure,  it  remains  loose  in  texture,  and,  until 
it  becomes  very  old,  does  not  vary  much  from  the  density 
acquired  by  it  shortly  after  its  formation  ;  but  the  tissue  of 
the  circumference  being  continually  jammed  together  by  the 
pressure  outwards  of  the  new  matter  formed  in  the  centre,  in 
course  of  time  becomes  a  solid  mass  of  woody  matter,  the 
cellular  tissue  once  intermingled  with  it  being  almost  ob- 
literated, and  appearing  among  the  bundles  it  formerly 
surrounded,  like  the  interstices  around  the  minute  pebbles  of 
a  mosaic  gem. 

Such  is  the  mode  of  growth  of  Palms,  and  of  a  great  pro- 
portion of  arborescent  monocotyledons.  But  there  are  others 
in  which  this  is  in  some  measure  departed  from.  In  the 
common  asparagus  the  shoots  produce  a  number  of  lateral 
buds,  which  all  develope  and  influence  its  form,  as  the  buds  of 
dicotyledons ;  so  that  the  cylindrical  figure  of  monocotyle- 
dons is  exchanged  for  the  conical ;  its  internal  structure  is 
strictly  endogenous.  In  grasses  a  similar  conical  figure  pre- 
vails, and  for  the  same  reason ;  but  they  have  this  additional 
peculiarity,  that  their  stem,  in  consequence  of  the  great  rapi- 
pidity  of  its  growth,  is  fistular,  with  transverse  phragmata  at 
its  nodes.  It  is  not  certain  whether  the  subsequent  internal 
growth  of  the  stem  is  ever  sufficient  to  fill  up  the  central 
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cavity ;  but,  from  a  specimen  of  a  bamboo  in  my  possession,  I 
incline  to  think  that  the  lower  part  of  grass  stems  does  some- 
times become  filled  up  with  solid  matter. 

Upon  one  or  other  of  the  two  plans  now  explained  are  all 
flowering  plants  developed ;  but  in  flowerless  plants  it  is  dif- 
ferent. In  arborescent  ferns  the  stem  consists  of  a  cylinder 
of  hard  sinuous  plates,  connected  by  parenchyma,  and  sur- 
rounding an  axis  usually  hollow,  but  sometimes  filled  up  with 
solid  matter.  It  would  seem,  in  these  plants,  as  if  the  stem 
consisted  of  a  mere  adhesion  of  the  petioles  of  the  leaves  in  a 
single  row,  and  that  the  stem  simply  lengthens  at  the  point 
without  transmitting  woody  matter  downwards.  Some  valu- 
able observations  upon  this  point  have  been  made  by  Mohl, 
who  has,  however,  been  able  only  to  investigate  the  anatomi- 
cal condition  of  tree  fern  stems,  Avithout  studying  their  mode 
of  growth.  Lycopodiaceae  equally  increase  by  simple  addi- 
tion to  the  point ;  and  as  this  seems  also  to  be  the  plan  upon 
which  development  takes  place  in  other  cr^^togamic  plants,  I 
have  proposed  the  term  Acrogens,  to  distinguish  the  latter 
from  Exogens  and  Endogens. 
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CHAPTER  I. 


ELEMENTARY    ORGANS. 


The  general  properties  of  the  elementary  organs  are  elasticity, 
cxtensihility,  contractibility,  and  permeabiliti/  to  fluids  or  gaseous 
matter.  The  first  gives  plants  the  power  of  bending  to  the 
breeze,  and  of  swaying  backwards  and  forwards  without  break- 
ing. The  second  enables  them  to  develope  with  great  rapidity 
when  it  is  necessary  for  them  to  do  so,  and  also  to  give  way  to 
pressure  without  tearing.  The  third  causes  parts  that  have 
been  overstrained  to  recover  their  natural  dimensions  when 
the  straining  power  is  removed,  and  it  permits  the  mouths  of 
wounded  vessels  to  close  up  so  as  to  prevent  the  loss  of  their 
contents.  The  fourth  secures  the  free  commimication  of  the 
fluids  through  eveiy  part  of  a  plant  which  is  not  choked  up 
with  earthy  matter. 

The  special  properties  of  the  elementary  organs  must  be 
considered  separately. 

That  of  these  the  cellular  tissue  is  the  most  important 
is  apparent  by  its  being  the  only  one  of  the  elementary  oi-gans 
that  is  uniformly  present  in  plants ;  and  by  its  being  the  chief 
constituent  of  all  tiiose  compound  organs  that  are  most  essen- 
tial to  the  preservation  of  species. 

It  transmits  Jliiids  in  all  directions.  In  most  cellular  plants 
no  other  tissue  exists,  and  yet  in  them  a  circulation  of  sap  takes 
place  ;  it  constitutes  the  whole  of  the  medullary  rays,  convey- 
ing the  elaborated  juices  from  the  bark  towards  the  centre  of 
the  stem;  all  the  parenchyma  in  which  the  sap  is  difliised 
upon  entering  the  leaf,  and  by  which  it  is  exposed  to  evapor- 
ation, light,  and  atmospheric  action,  consists  of  cellular  tissue ; 
nearly  all  the  bark  in  which  the  descending  current  of  the 
sap  takes  place  is  also  composed  of  it ;  and  in  endogenous 
plants,  where  no  bark  exists,  there  appeal's  to  be  no  other 
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route  that  the  decending  sap  can  take  than  through  the  cel- 
kilar  substance  in  which  the  vascular  system  is  imbedded. 
It  is,  therefore,  readily  permeable  to  fluid,  although  it  has  no 
visible  pores. 

In  all  cases  of  wounds,  or  even  of  the  developement  of  new 
parts,  cellular  tissue  is  first  generated:  for  example,  the 
granulations  that  form  at  the  extremity  of  a  cutting  when 
imbedded  in  earth,  or  on  the  lips  of  incisions  in  the  wood  or 
bark  ;  the  extremities  of  young  roots ;  scales,  which  are  gene- 
rally the  commencement  of  leaves ;  pith,  which  is  the  first  part 
created  when  the  stem  shoots  up  ;  nascent  stamens  and  pistils; 
ovules ;  and,  finally,  many  rudimentary  parts  ;  —  all  these  are 
at  first,  or  constantly,  formed  of  cellular  tissue  alone. 

It  is  that  from  which  leaf  buds  are  generated.  These  organs 
always  appear  from  some  part  of  the  medullary  system ;  when 
adventitious,  from  the  ends  of  the  medullary  rays  if  developed 
by  stems,  or  from  the  parenchyma  if  appearing  upon  leaves. 

It  may  be  considered  the  fiesh  of  vegetable  bodies :  the 
matter  which  surrounds  and  keeps  in  their  place  all  the  rami- 
fications or  divisions  of  the  vascular  system  is  cellular  tissue. 
In  it  the  plates  of  wood  of  exogenous  plants,  the  fibres  of 
endogenous  plants,  the  veins  of  leaves,  and,  indeed,  the  whole 
of  the  central  system  of  all  of  them,  are  either  imbedded  or 

enclosed. 

The  action  of  fertilization  appears  to  take  place  exclusively 

through  its  agency.  Pollen  is  only  cellular  tissue  in  a  parti- 
cular state;  when  it  bursts,  the  vivifying  particles  it  contains 
are  a  still  more  minute  state  of  the  same  tissue  :  the  coats 
of  the  anther  are  composed  entirely  of  it:  and  the  tissue 
of  the  stigma,  through  which  fertilization  is  conveyed  to 
the  ovules,  is  merely  a  modification  of  the  cellular.  The 
ovules  themselves,  with  their  sacs,  at  the  time  they  receive  the 
vivifying  influence,  are  a  semitransparent  congeries  of  cellules. 
It  is,  finally,  the  tissue  in  which  alone  amylaceous  or  sac- 
charine secretions  are  deposited.  Tliese  occur  chiefly  in  tubers, 
as  in  the  potato  and  arrow-root;  in  rhizomata,  as  in  the 
ginger ;  in  soft  stems,  such  as  those  of  the  sago-palm  and 
sugar-cane ;  in  albumen,  as  that  of  corn ;  in  pith,  as  in  the 
Cassava;  in  the  disk  of  the  flower,  as  in  Amygdalus;  and, 
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finally,  in  the  bark,  as  in  all  exogenous  plants;  and  cellular 
tissue  is  the  principal,  or  exclusive,  constituent  of  these. 

In  the  form  of  vasiform  tissue,  when  it  is  collected 
together  into  hollow  cylinders,  it  serves  for  the  rapid  trans- 
mission of  fluids  in  the  direction  of  the  stem ;  and  it  is  well 
worth  notice  that  the  size  of  the  tubes  of  vasiform  tissue  and 
their  abundance  are  usually  in  proportion  to  the  length  to 
which  the  fluid  has  to  be  conveyed.  Thus  in  the  Vine, 
Phytocrene,  the  common  cane,  and  such  plants,  the  vasiform 
tissue  is  unusually  large  and  abundant;  in  ordinary  trees 
much  less  so;  and  in  herbaceous  plants  it  hardly  exists. 
Vasiform  tissue  eventually  ceases  to  convey  fluid,  and  becomes 
filled  with  air. 

Woody  tissue  is  apparently  destined  for  the  conveyance 
of  fluid  upwards  or  downwards,  from  one  end  of  a  body 
to  anothei',  and  for  giving  firmness  and  elasticity  to  every 
part. 

That  it  is  intended  for  the  conveyance  of  jiidd  in  particular 
channels  seems  to  be  proved, — ,1.  from  its  constituting  the 
principal  part  of  all  wood,  particularly  of  that  which  is  formed 
in  stems  the  last  in  each  year,  and  in  which  fluid  fii"st  ascends 
in  the  ensuing  season  ;  2.  from  its  presence  in  the  veins  of 
leaves  where  a  rapid  circulation  is  known  to  take  place,  form- 
ing in  those  plants  both  the  adducent  and  reducent  channels 
of  the  sap;  and,  3.  from  its  passing  dowiiNvards  from  the 
leaves  into  the  bark,  thus  forming  a  passage  through  which 
the  peculiar  secretions  may,  when  elaborated,  arrive  at  the 
stations  where  they  are  finally  to  be  deposited.  Knight  is 
clearly  of  opinion  that  it  conveys  fluid  either  upwards  or 
downwards ;  in  which  I  fully  concur  with  him :  the  power  of 
cuttings  to  grow  when  inverted  seems,  indeed,  a  conclusive 
proof  of  this.  Dutrochet,  however,  endeavours  to  prove  that 
it  merely  serves  for  a  downward  conveyance. 

With  regard  to  its  giving  firmness  and  elasticitg  to  every 
part,  we  need  only  consider  its  surprising  tenacity,  as  evinced 
in  hemp,  flax,  and  the  like  ;  and  its  constantly  surrounding 
and  protecting  the  ramifications  of  the  vascular  system,  which 
has  no  firnuiess  or  tenacity  itself.  To  this  evidence  might  be 
ivdded,    the   admirable   manner   in  wliich  it  is  combined  to 
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answer  such  an  end.  It  consists,  as  has  been  seen,  of  ex- 
tremely slender  tubes,  each  of  which  is  indeed  possessed  of 
but  a  slight  degree  of  strength ;  but  being  of  different  lengths, 
tapering  to  each  extremity,  and  overlapping  each  other 
in  various  degrees,  these  are  consolidated  into  a  mass  that 
considerable  force  is  insufficient  to  break.  Any  one,  who  will 
examine  a  single  thread  of  the  finest  flax  with  a  microscope 
that  magnifies  180  times,  will  find,  that  that  which  to  the  eye 
appears  a  single  thread,  is  in  reality  composed  of  a  great  num- 
ber of  distinct  tubes. 

It  is  also  the  tissue  from  which  roots  are  emitted.  Unlike 
the  leaf-buds,  roots  are  always  prolongations  of  the  woody  tissue 
of  the  stem,  as  may  be  readily  seen  by  tracing  a  young  root 
to  its  origin. 

The  real  nature  of  the  functions  of  the  vascular  system  has 
been  the  subject  of  great  difference  of  opinion.  Spiral  vessels 
have  been  most  commonly  supposed  to  be  destined  for  the 
conveyance  of  air  ;  and  it  seems  difficult  to  conceive  how  any 
one  accustomed  to  anatomical  observations,  and  who  has 
remarked  their  dark  appearance  when  lying  in  water,  can 
doubt  that  fact.  Nevertheless,  many  others,  and  among  them 
Dutrochet,  assert  that  they  serve  for  the  transmission  of  fluids 
upwards  from  the  roots.  This  observer  states,  that  if  the  end 
of  a  branch  be  immersed  in  coloured  fluid,  it  will  ascend  in 
both  the  spiral  vessels  and  vasiform  tissue ;  but  that  in  the 
former  it  will  only  rise  up  to  the  level  of  the  fluid  in  which 
the  branch  is  immersed,  while,  through  the  latter,  it  will 
travel  into  the  extremities  of  the  branches.  It  has,  however, 
been  asked  with  much  justice,  how  the  opinion  that  spiral 
vessels  are  the  sap- vessels  is  to  be  reconciled  with  the  fact  of 
their  non-existence  in  multitudes  of  plants  in  which  the  sap 
circulates  freely  ?  To  which  might  have  been,  or  perhaps  has 
been,  added  the  questions,  why  they  do  not  exist  in  the  wood, 
where  a  movement  of  sap  chiefly  takes  place  in  exogenous 
trees  ?  and  also,  how  it  happens  that  their  existence  is  almost 
constantly  connected  v»-ith  the  presence  of  sexes,  if  they  are 
only  sap-vessels  ?  And  further,  it  has  always  been  remarked, 
that  if  a  tranverse  section  of  a  vine,  for  instance,  or  any  other 
plant,  be  put  under  water,  bubbles  of  air  rise  through  the 
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water  from  the  mouths  of  the  spiral  vessels.  But  then,  it  has 
been  urged,  that  coloured  fluids  manifestly  rise  in  the  spiral 
vessels ;  a  statement  that  has  been  admitted  when  the  spiral 
vessels  are  wounded  at  the  part  plunged  in  the  colouring  fluid, 
but  denied  in  other  circumstances.  Indeed,  to  any  observer 
acquainted  with  the  difficulty  of  microscopic  investigations, 
the  obscurity  that  practically  surrounds  a  question  of  this  sort 
must  be  apparent  enough. 

The  subject  has,  however,  been  investigated  with  much 
care  by  Bischoff',  who  instituted  some  very  delicate  and  in- 
genious experiments,  for  the  purpose  of  determining  the  real 
contents  and  office  of  the  spiral  vessels.  It  is  impossible  to 
find  room  here  for  a  detailed  account  of  his  experiments,  for 
which  the  reader  is  referred  to  his  thesis,  De  vera  Vasorum 
Plantarum  Sjnraliiim  structura  et  functione  Commentatio : 
Bonnae,  1829.  It  must  be  sufficient  to  state,  that,  by  accu- 
rate chemical  tests,  by  the  most  careful  piirification  of  the 
water  employed  from  all  presence  of  air,  and  by  separating 
bundles  of  the  spiral  vessels  of  the  gourd  [Cucurhita  Pepo)^ 
and  of  some  other  plants  from  the  accompanying  cellular 
substance,  he  came  to  the  following  conclusions,  which,  if  not 
exactly,  are  pi'obably  substantially,  correct :  —  "  That  plants, 
like  all  other  living  bodies,  require,  for  the  support  of  their 
vital  functions,  a  free  communication  with  air ;  and  that  it  is 
more  especially  oxygen,  which,  when  absorbed  by  the  roots 
from  the  soil,  renders  the  crude  fluid  fit  for  the  nourishment 
and  support  of  a  plant,  just  as  blood  is  rendered  fit  for  that 
of  animals.  But,  for  this  purpose,  it  is  not  sufficient  that  the 
external  surface  should  be  surrounded  by  the  atmosphere ; 
other  aeriferous  organs  are  provided,  in  the  form  of  spiral 
vessels,  which  are  placed  internally,  and  convey  air  contain- 
ing an  unusual  proportion  of  oxygen,  which  is  obtained  through 
the  root,  by  their  own  vital  force,  from  the  earth  and  water. 
In  a  hundred  parts  of  this  air  twenty-seven  to  thirty  parts  are 
of  oxygen,  which  is  in  part  lost  during  the  day  by  the  surface 
of  plants  under  the  direct  influence  of  the  solar  rays." 

With  such  evidence  of  the  aeriferous  functions  of  the  spiral 
vessels  it  is  difficult  to  contend ;  and,  indeed,  it  seems  pro- 
bable that  this  question  is  settled  as  far  as  spiral  vessels,  pro- 
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perly  so  called,  are  concerned.  Whether  or  not  ducts  have  a 
different  function  is  uncertain ;  it  is  probable,  however,  from 
the  extreme  thinness  of  their  sides,  that  they  are  reallj^  filled 
with  fluid  when  full  grown,  whatever  may  have  been  the  case 
when  they  were  first  generated. 

In  regard  to  the  functions  of  aii-cells  and  lacunae,  it  may 
be  sufficient  to  remark,  that  in  all  cases  in  which  they  form  a 
part  of  the  vital  system,  as  in  water  plants,  they  are  cavities 
regularly  built  up  of  cellular  tissue,  and  uniform  in  figure  in 
the  same  species ;  while,  on  the  other  hand,  where  they  are 
not  essential  to  vitality,  as  in  the  pith  of  the  walnut,  the  rice- 
paper  plant,  the  stems  of  Umbelliferas,  and  the  like,  they  are 
ragged,  irregular  distensions  of  the  tissue. 

In  the  former  case  they  are  intended  to  enable  plants  to 
float  in  water ;  in  the  latter,  they  are  caused  by  the  growth  of 
one  part  more  rapidly  than  another. 
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CHAPTER  II. 


OF    THE    ROOT. 


It  is  the  business  of  the  root  to  absorb  nutriment  from  the 
soil,  and  to  transmit  it  upwards  into  the  stem  and  leaves ;  and 
also  to  fix  the  plant  firmly  in  the  earth.  Although  moisture  is, 
no  doubt,  absorbed  by  the  leaves  and  bark  of  all,  and  by  the 
-stems  of  many  plants,  yet  it  is  certain  that  the  greater  part  of 
the  food  of  plants  is  taken  up  by  the  roots ;  which,  hence,  are 
not  incorrectly  considered  vegetable  mouths. 

But  it  is  not  by  the  whole  surface  of  the  root  that  the 
absorption  of  nutriment  takes  place  ;  it  is  the  spongioles 
almost  exclusively  to  which  that  office  is  confided :  and  hence 
their  immense  importance  in  vegetable  economy,  the  absolute 
necessity  of  preserving  them  in  transplantation,  and  the  certain 
death  that  often  follows  their  destruction.  This  has  been 
proved  in  the  following  manner,  by  Senebier  :  —  He  took  a 
radish,  and  placed  it  in  such  a  position  that  the  extremity 
only  of  the  root  was  plunged  in  water :  it  remained  fresh 
several  days.  He  then  bent  back  the  root,  so  that  its  extremity 
was  curved  up  to  the  leaves  :  he  plunged  the  bent  part  in 
water,  and  the  plant  withered  soon ;  but  it  recovered  its 
foi'mer  freshness  upon  relaxing  the  curvature,  and  again 
plunging  the  extremity  of  the  root  into  the  water. 

This  explains  why  forest  trees,  with  very  dense  umbrageous 
heads,  do  not  perish  of  drought  in  hot  summers  or  dry  situa- 
tions, when  the  earth  often  becomes  mere  dust  for  a  consider- 
able distance  from  their  trunk,  in  consequence  of  their  foliage 
turning  off  the  rain :  the  fact  is  obviously  that  the  roots  near 
the  stem  are  inactive,  and  have  little  or  nothing  to  do  as  pre- 
servatives of  life  except  by  acting  as  conduits.  Mobile  the  func- 
tions of  absorption  go  on  through  the  spongioles,  which,  being 
at  the  extremities  of  the  roots,  are  placed  beyond  the  influence 
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of  the  shadow,  and  extend  wherever  moisture  is  to  be  found. 
This  property  prevents  a  plant  from  exhausting  the  earth  in 
which  it  grows ;  for,  as  the  roots  are  always  spreading  further 
and  further  from  the  main  stem,  they  are  continually  entering 
new  soil,  the  nutritious  properties  of  whicli  are  unexhausted. 
It  is  generally  believed  that  roots  increase  only  by  their 
extremities,  and  that,  once  formed,   they  never  undergo  any 
subsequent  elongation.     This  was  first  noticed  by  Du  Hamel, 
who  passed  fine  silver  threads  through  young  roots  at  differ- 
ent distances,  marking  on  a  glass  vessel  corresponding  points 
with  some  varnish :  all  the  threads,  except  those  that  were 
within  two  or  three  lines  of  the  extremity,  always  continued 
to  answer  to  the  dots  of  varnish  on  the  glass  vessel,  although 
the  root  itself  increased  considerably  in  length.    Variations  in 
this  experiment,   which  has   also  been   repeated  in  another 
way  by  Knight,    produced   the  same  result,  and  the  whole 
phenomenon  appears  to  be  one  of  those  beautiful  evidences  of 
design  which  are  so  common  in  the  Vegetable  Kingdom.     If 
plants  growing  in  a  medium  of  unequal  resistance  lengthened 
by  an  extension  of  their  whole  surface,   the  nature  of  the  me- 
dium in  which  they  grow  would  be  in  most  cases  such  as  the 
mere  force  of  their  elongation  would  be  unable  to  overcome, 
and   the    consequence  would   be    that    they   would   have    a 
twisted,  knotted,   unequal   form,  which  would  be   eminently 
unfavourable  to  the  rapid  transmission  of  fluid,  which  is  their 
peculiar  office.      Lengthening,  however,  only  at  the  extremi- 
ties, and  this  by  the  continual  formation  of  new  matter  at  their 
advancing  point,  they  insinuate  themselves  with  the  greatest 
facility  between    the  crevices  of  the  soil  ;    once  insinuated, 
the  force  of  horizontal  expansion  speedily  enlarges  the  cavity ; 
and  if  they  encounter  any  obstacle  which  is  absolutely  insur- 
mountable, they  simply  stop,  cease  growing  in  that  particular 
direction,  and  follow  the  surface  of  the  opposing  matter,  till 
they  again  find  themselves  in  a  soft  medium. 

It  is  curious,  however,  to  remark  that,  although  this  proper- 
ty of  lengthening  only  by  the  ends  of  their  roots  seems  constant 
in  most  plants,  yet  that  it  is  not  impossible  that  it  may  be 
confined  to  roots  growing  in  a  resisting  medium.  From  the 
following  experiments   it  will  be  seen  that  in  Orchideee  the 
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root  elongates  independently  of  its  extremity:  —  On  the 
5  th  of  August  I  tied  threads  tightly  round  the  root  of  a 
Vanilla,  so  that  it  was  divided  into  three  spaces,  of  which  one 
was  7  inches  long ;  another  4  inches ;  and  the  third,  which 
was  the  free-growing  extremity,  If  inch.  On  the  19th  of 
September  the  first  space  measured  7^  inches ;  the  second,  4f 
inches;  and  the  third  or  growing  extremity,  2^  inches.  A  root 
of  Aerides  cornutum  was,  on  the  5th  of  August,  divided  by 
ligatures  into  spaces,  of  which  the  first  measured  1  foot 
3  inches;  the  second,  2^  inches;  the  third,  3g^  inches;  and  the 
fourth,  or  growing  end,  1^  inch.  On  the  19th  of  September, 
the  first  space  measured  1  foot  3^  inches;  the  second,  2| 
inches ;  the  third,  3^  inches ;   and  the  fourth,  4|  inches. 

Occasionally  roots  appear  destined  to  act  as  reservoirs  of 
nutriment  on  which  those  of  the  succeeding  year  may  feed 
when  first  developed,  as  is  the  case  in  the  Orchis,  the  Dahlia, 
and  others.  But  it  must  be  remarked,  that  the  popular  no- 
tion extends  this  circumstance  far  beyond  its  real  limits,  by 
including  among  roots  bulbs,  tubers,  and  other  forms  of  stem 
in  a  succulent  state. 

By  some  botanists,  and  among  them  by  De  Candolle,  it 
has  been  thought  that  roots  are  developed  from  special  organs, 
which  are  to  them  what  leaf-buds  are  to  branches;  and  this 
function  has  been  assigned  to  those  little  glandular  swellings 
so  common  on  the  willow,  called  lenticular  (/lands  by  Guettard, 
and  lenticelles  by  De  Candolle. 

According  to  Knight,  the  energies  of  a  variety  artificially 
produced  exist  longer  in  the  system  of  the  root  than  in  that 
of  the  stem ;  so  that  it  is  more  advisable  to  propagate  old 
varieties  of  fruit  trees  from  cuttings  of  the  root  than  from  those 
of  the  stem. 

The  roots  not  only  absorb  fluid  from  the  soil,  but  they 
return  a  portion  of  their  peculiar  secretions  back  again  into 
it ;  as  has  been  found  by  Brugmans,  who  ascertained  that 
the  Pansy  exuded  an  acid  fluid  from  its  spongioles ;  and  by 
others,  who  found  that  various  Euphorbiaceous  and  Cichorace- 
ous  plants  form  little  knobs  at  the  extremity  of  their  roots. 
Recently  more  important  enquiries  into  this  subject  have 
been  made  by  Macaire,  who,  in  a  paper  in  the  Transactions 


CHAP.  II.  ROOT.  255 

of  the  Physical  Society  of  Geneva,  has  given  an  account  of 
his  important  experiments,  of  which  the  following  is  an 
abstract :  —  He  found  that  Chondrilla  muralis,  and  Cichorace- 
ous  plants  in  general,  seci'eted  a  matter  analogovis  to  opium; 
Leguminous  plants,  a  substance  similar  to  gum,  with  a  little 
carbonate  of  lime ;  Grasses,  a  minute  quantity  of  matter  con- 
sisting of  alcaline  and  earthy  muriates  and  carbonates,  with 
very  little  gum ;  Papaveraceous  plants,  a  matter  analogous  to 
opium ;  and  Euphorbias,  a  whitish  yellow  gum,  and  resinous 
matter  of  an  acrid  taste. 

He  also  found  that  plants  actually  possess  the  power  of 
freeino;  themselves  from  matter  that  is  deleterious  to  them, 
by  means  of  their  roots.  Acetate  of  lead  is  a  well-known  active 
vegetable  poison ;  he  took  two  bottles,  one  of  which.  A,  was 
filled  with  pure  water,  and  the  other,  B,  with  water  holding 
acetate  of  lead  in  solution.  He  placed  a  plant  of  Mercurialis 
annua  with  half  its  roots  plunged  in  A,  and  the  other  half 
in  B.  After  a  short  time  the  water  in  the  bottle  A 
contained  a  notable  proportion  of  acetate  of  lead,  which  must 
have  been  carried  into  the  system  by  the  roots  in  bottle  B, 
and  thrown  off  again  by  those  in  bottle  A.  He  also  states 
that  various  plants  which  had  lain  several  days  in  water 
charged  with  lime,  or  acetate  of  lead,  or  nitrate  of  silver,  or 
common  salt,  in  small  quantity,  having  been  carefully  washed 
and  placed  in  pure  water,  gave  back  from  their  roots  the 
deleterious  matter  they  had  absorbed. 

It  is  difficult  to  speculate  upon  the  results  to  which  this  cu- 
rious discovei-y  may  lead.  It  is  in  all  probability  an  explanation 
of  the  necesssity  of  the  rotation  of  crops,  of  the  action 
of  what  are  called  weeds,  of  the  utility  of  changing  the  earth 
of  plants  growing  in  pots,  and  of  other  phenomena  which  could 
not  previously  be  accounted  for.  It  requires,  however,  a 
great  deal  of  ulterior  examination ;  but  as  the  enquiry  has 
been  taken  up  by  Dr.  Daubeny,  the  learned  Professor  of 
Botany  and  Chemistry  at  Oxford,  at  the  instance  of  the 
British  Association,  it  is  not  to  be  doubted  that  a  few  years 
will  throw  much  additional  light  upon  the  'subject. 
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OF    THE    STEM    AND    THE    ORIGIN    OF    WOOD. 

The  general  purpose  of  the  stem  is  to  bear  the  leaves  and 
and  Other  appendages  of  the  axis  aloft  in  the  air,  so  that  they 
maybe  freely  exposed  to  light  and  atmospheric  action;  to  convey 
fluids  from  the  root  upwards,  and  from  above  downwards; 
and,  if  woody,  to  store  up  a  certain  portion  of  the  secretions 
of  the  species  either  in  the  bark  or  in  the  heartwood. 

Various  notions  have  from  time  to  time  been  entertained 
about  the  pith.  The  functions  of  brain,  lungs,  stomach, 
nerves,  spinal  marrow,  have  by  turns  been  ascribed  to  it. 
Some  have  thought  it  the  seat  of  fecundity,  and  have  believed 
that  fruit  trees  deprived  of  pith  became  sterile ;  others  sup- 
posed that  it  was  the  origin  of  all  growth  ;  and  another  class 
of  writers,  we  cannot  say  observers,  have  declared  that  it  was 
the  channel  of  the  ascent  of  sap.  It  is,  however,  no  part  of 
the  plan  of  this  woi'k  to  refute  these  and  similar  exploded 
speculations. 

It  is  probable  that  its  real  and  only  use  is  to  serve  in  the 
infancy  of  a  plant  for  the  reception  of  the  sap,  upon  which 
the  young  and  tender  vessels  that  surround  it  are  to  feed 
when  they  are  first  formed ;  a  time  when  they  have  no  other 
means  of  support.  Dutrochet  considers  it  to  act  not  only  as 
a  reservoir  of  nutriment  for  the  young  leaves,  but  also  to  be 
the  place  in  which  the  globules,  which  he  calls  nervous  cor- 
puscles, are  formed  out  of  the  elaborated  sap.  [U Agent 
Immediat,  &c.,  p.  44,  &c.) ;  and  Braschet  imagines  it  and  its 
processes  to  constitute  the  nervous  system  of  plants. 

The  MEDULLARY  SHEATH  secms  to  pei'fomi  a  most  import- 
ant part  in  the  economy  of  plants ;  it  diverges  from  the  pith 
whenever  a  leaf  is  produced ;  and,  passing  through  the  petiole, 
ramifies    among    the    cellular   tissue  of  the  blade,    where  it 
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appears  as  veins  :  hence  veins  are  always  composed  of  bundles 
of  woody  tissue  and  spiral  vessels.  Thus  situated,  the  veins 
are  in  the  most  favourable  position  that  can  be  imagined  for 
absorbing  the  fluid  that,  in  the  first  instance,  is  conducted  to 
the  young  pith,  and  that  is  subsequently  impelled  upwards 
through  the  woody  fibre.  So  essential  is  the  medullary 
sheath  to  vegetation  in  the  early  age  of  a  branch,  that,  as  is 
well  known,  although  the  pith  and  the  bark,  and  even  the 
young  wood  may  be  destroyed,  without  the  life  of  a  young 
shoot  being  much  affected ;  yet,  if  the  medullary  sheath  be 
cut  through,  the  pith,  bai'k,  or  wood  being  left,  the  part  above 
the  wound  will  pei'ish.  It  may  be  supposed,  considering  the 
large  proportion  of  oxj^gen  it  contains,  that  its  office  is  to 
convey  that  gas  to  parts  inaccessible  to  the  external  air,  and, 
parting  with  it  to  the  carbon  of  such  parts,  to  cause  the  pi'o- 
duction  of  carbonic  acid,  without  a  power  of  composing  and 
decomposing  which  no  part  exposed  to  light  can  long  exist. 

The  BARK  acts  as  a  protection  to  the  young  and  tender 
wood,  guarding  it  from  cold  and  external  accidents.  It  is 
also  the  medium  in  which  the  proper  juices  of  the  plant  in  their 
descent  from  the  leaves  are  finally  elaborated,  and  brought  to 
the  state  which  is  peculiar  to  the  species.  It  is  from  tlie 
bark  that  they  are  horizontally  communicated  to  the  medullary 
rays,  by  them  to  be  deposited  in  the  tissue  of  the  wood. 
Hence,  the  character  of  timber  is  almost  wholly  dependent 
upon  the  influence  of  the  bark,  as  is  apparent  from  a  vertical 
section  of  a  grafted  tree,  through  tlie  line  of  union  of  the 
stock  and  scion.  This  line  will  be  found  so  exactly  drawn 
that  the  limits  of  the  two  are  determined  in  the  oldest  spe- 
cimens as  accurately  as  if  they  were  fixed  by  rule  and  line : 
the  woody  tissue  will  be  found  uninterruptedly  continuous 
through  the  one  into  the  other,  and  the  bark  of  the  two 
indissolubly  united ;  but  the  medullary  rays  emanating  from 
the  bark  of  each  will  be  seen  to  I'emain  as  different  as  they 
were  at  the  time  when  the  stock  and  scion  were  distinct  indi- 
viduals. It  is  remarkable  that  the  bark  has  only  a  limited 
power  of  impelling  secreted  matter  into  the  medullary  rays ; 
and  that  there  are  certain  substances  which,  although  abundant 
in  bark,  are  never  found  elsewhere;   as,   for  instance,  gum 
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in  a  cherry  tree.  This  substance  exists  in  the  wood  in  so 
shght  a  degree  as  probably  not  to  exceed  in  quantity  what  is 
to  be  found  in  most  plants,  whether  they  are  obviously  gum- 
miferous  or  not.  Are  we  from  this  to  infer  that  the  medullary 
rays  have  a  power  of  rejecting  certain  substances  ?  or,  that 
their  tissue  is  impermeable  to  fluids  of  a  particular  degree  of 
density  ?  or,  that  they  only  take  up  what  settles  down  the 
bark  through  its  cellular  system,  and  that  gum,  descending  by 
the  woody  system  exclusively,  is  not  in  that  kind  of  contact 
with  the  medullary  rays  which  is  required  to  enable  the  latter 
to  take  it  up  ? 

As  the  bark,  when  young,  is  green  like  the  leaves,  and  as 
the  latter  are  manifestly  a  mere  dilatation  of  the  former,  it  is 
highly  pi'obable,  as  Knight  believes,  that  the  bark  exercises 
an  influence  upon  the  fluids  deposited  in  it  wholly  analogous 
to  that  exercised  by  the  leaves,  wliich  will  be  hereafter  explained. 
Hence  it  has  been  named,  with  much  truth,  the  universal  leaf 
of  a  vegetable. 

The  business  of  the  medullary  rays  is,  no  doubt,  exclu- 
sively to  maintain  a  communication  between  the  bark,  in  which 
the  secretions  receive  their  final  elaboration,  and  the  centre  of 
the  trunk,  in  which  they  are  at  last  deposited.  This  is  apparent 
from  tangental  sections  of  dicotyledonous  wood  manifesting 
an  evident  exudation  of  liquid  matter  from  the  wounded  me- 
dullary rays,  although  no  such  exudation  is  elsewhere  visible. 
In  endogenous  plants,  in  which  there  appears  no  necessity  for 
maintaining  a  communication  between  the  centre  and  circum- 
ference, there  are  no  medullary  rays.  These  rays  also  serve 
to  bind  firmly  together  the  whole  of  the  internal  and  external 
parts  of  a  stem,  and  they  give  the  peculiar  character  by  which 
the  wood  of  neighbouring  species  may  be  distinguished.  If 
plants  had  no  medullary  rays,  their  wood  would  probably  be, 
in  nearly  allied  species,  undistinguishable  ;  for  we  are  scarcely 
aware  of  any  appreciable  difference  in  the  appearance  of 
woody  or  vascular  tissue ;  but  the  medullary  rays,  differing  in 
abundance,  in  size,  and  in  other  respects,  impress  characters 
upon  the  wood  which  are  extremely  marked.  Tlius,  in  the 
cultivated  cherry,  the  plates  of  the  medvdlary  rays  are  very 
thin,  the  adhesions  of  them  to  the  bark  are  very  slight,  and 
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hence  a  section  of  the  wood  of  that  plant  has  a  pale,  smooth, 
homogeneous  appearance ;  but  in  the  wild  cherry  the  medullary 
plates  are  much  thicker,  they  adhere  to  the  bark  by  deep 
broad  spaces,  and  are  arranged  with  great  irregularity,  so  that 
a  section  of  the  wood  of  that  variety  has  a  deeper  colour,  and 
a  twisted,  knotty,  very  uneven  appearance. 

In  Quercus  sessiliflora  the  medullary  rays  are  thin,  and  so 
distant  from  each  other  that  the  plates  of  wood  between  them 
do  not  readily  break  laterally  into  each  other,  if  a  wedge  is 
driven  into  the  end  of  the  trunk  in  the  direction  of  its  cleav- 
age :  on  the  contrary,  the  medullary  rays  of  Quercus  pedun- 
culata  are  hard,  and  so  close  together  that  the  wood  may  be 
rent  longitudinally  without  difficulty ;  hence  the  wood  of  the 
latter  is  the  only  kind  that  is  fit  for  application  to  park- 
paling. 

As  the  medullary  rays  develope  in  a  horizontal  direction 
only,  when  two  trees  in  which  they  are  different  are  grafted 
or  budded  together,  the  wood  of  the  stock  will  continue  to 
preserve  its  own  peculiarity  of  grain,  notwithstanding  its 
being  formed  by  the  woody  matter  sent  down  by  the  scion ; 
for  it  is  the  horizontal  development  that  gives  its  character 
to  the  gi'ain,  and  not  the  perpendicular  fibres  which  are 
incased  in  it. 

The  WOOD  is  at  once  the  support  of  all  the  deciduous  organs 
of  respiration,  digestion,  and  fertilisation,  the  deposit  of  the 
secretions  peculiar  to  individual  species,  and  also  the  reservoir 
from  which  newly  forming  parts  derive  their  sustenance  until 
they  can  establish  a  communication  with  the  joii. 

Regarding  the  precise  manner  in  which  it  is  created,  there 
has  been  great  diversity  of  opinion.  Linnaeus  thought  it  was 
prodviced  by  the  pith ;  Grew,  that  the  liber  and  wood  were 
deposited  at  the  same  time  in  a  single  mass  which  afterwards 
divided  in  two,  the  one  half  adhering  to  the  centre,  the  other 
to  the  circumference ;  Malpighi  conceived  that  the  wood  of 
one  year  was  prodviced  by  an  alteration  of  the  liber  of  the 
previous  season.  Duhamel  believed  that  it  was  deposited  by 
the  secretion  already  spoken  of  as  existing  between  the  bark 
and  wood,  and  called  cambium :  he  was  of  opinion  that  this 
cambium  was  formed  in  the  bark  and  became  converted  into 
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both  cellular  and  woody  tissue ;  and  he  demonstrated  the 
fallacy  of  those  theories  according  to  which  new  wood  is 
produced  by  the  wood  of  a  preceding  year.  He  removed  a 
portion  of  bark  from  a  plum  tree ;  he  replaced  this  with  a 
similar  portion  of  a  peach  tree,  having  a  bud  upon  it.  In  a 
short  time  a  union  took  place  between  the  two.  After  wait- 
ing a  sufficient  time  to  allow  for  the  formation  of  new  wood,  he 
examined  the  point  of  junction,  and  found  that  a  thin  layer  of 
wood  had  been  formed  by  the  peach  bud,  but  none  by  the 
wood  of  the  plum,  to  which  it  had  been  tightly  applied. 
Hence  he  concluded  that  alburnum  derives  its  origin  from  the 
bark,  and  not  from  the  wood.  A  variety  of  similar  experi- 
ments was  instituted  with  the  same  object  in  view,  and  they 
were  followed  by  similar  results.  Among  others,  a  plate  of 
silver  was  inserted  between  the  bark  and  the  wood  of  a  tree 
at  the  beginning  of  the  growinff  season.  It  was  said,  that  if 
new  wood  was  formed  by  old  wood,  it  would  be  subsequently 
found  pushed  outwards,  and  continuing  to  occupy  the  same 
situation ;  but  that  if  new  wood  was  deposited  by  the  bark, 
the  silver  plate  would  in  time  be  found  buried  beneath  new 
layers  of  wood.  In  course  of  time  the  plate  was  examined, 
and  was  found  inclosed  in  wood. 

Hence  the  question  as  to  the  origin  of  the  wood  seemed 
settled ;  and  there  is  no  doubt  that  the  experiments  of  Du- 
hamel  are  perfectly  accurate  and  satisfactory  as  far  as  they 
go.  It  soon,  however,  appeared  that,  although  they  certainly 
proved  that  new  wood  is  not  produced  by  old  wood,  it  was 
not  equally  clear  that  it  originated  from  the  bark.  Accord- 
ingly a  new  set  of  experiments  was  instituted  by  Knight, 
for  the  purpose  of  throwing  a  still  clearer  light  upon  the  pro- 
duction of  the  wood.  Having  removed  a  ring  of  bark  from 
above  and  below  a  portion  of  the  bark  furnished  with  a  leaf, 
he  remarked  that  no  increase  took  place  in  the  wood 
above  the  leaf,  while  a  sensible  augmentation  was  observable 
in  the  wood  below  the  leaf  It  was  also  found  that  if  the 
upper  part  of  a  branch  is  deprived  of  leaves,  the  branch  will 
die  down  to  the  point  where  leaves  have  been  left,  and  below 
that  will  flourish.  Hence  an  inference  is  drawn  that  the 
wood  is  not  formed  out  of  the  bark  as  a  mere  deposit  from  it ; 
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but  that  it  is  produced  from  matter  elaborated  in  the  leaves 
and  sent  downwards — either  through  the  vessels  of  the  inner 
bark,  along  with  the  matter  for  forming  the  liber  by  which 
it  is  subsequently  parted  with ;  or  that  it  and  the  liber  are 
transmitted  distinct  from  one  another,  the  one  adliex'ing  to  the 
alburnum,  the  other  to  the  bark.  I  know  of  no  proof  of  the 
former  supposition ;  of  the  latter  there  is  every  reason  to 
believe  the  truth.  Knight  is  of  opinion  that  two  distinct 
sets  of  vessels  are  sent  down,  one  belonging  to  the  liber,  the 
other  to  the  alburnum ;  and  if  a  bi'anch  of  any  young  tree, 
the  wood  of  which  is  formed  quickly,  be  examined  when  it  is 
first  bursting  into  leaf,  these  two  sets  may  be  distinctly  seen 
and  traced.  Take,  for  instance,  a  branch  of  lilac  in  the  be- 
ginning of  April  and  strip  off  its  bark :  the  new  wood  will  be 
distinctly  seen  to  have  passed  downwards  from  the  base  of 
each  leaf,  diverging  frorti  its  perpendicular  course,  so  as  to 
avoid  the  bundle  of  vessels  passing  into  the  leaf  beneath  it; 
and  if  the  junction  of  a  new  branch  with  that  of  the  previous 
year  be  examined,  it  will  be  found  that  all  the  fibres  of  wood 
already  seen  proceeding  from  the  base  of  the  leaves,  having 
arrived  at  this  point,  have  not  stopped  there,  but  have  passed 
rapidly  downwards,  adding  to  the  branch  an  even  layer  of 
fibrous  matter  or  young  wood ;  and  turning  off  at  every  pro- 
jection which  impedes  them,  just  as  the  water  of  a  steady  but 
rapid  current  would  be  diverted  from  its  course  by  obstacles 
in  its  stream.  Again,  in  Guaiacum  wood,  the  descending 
fibres  cross  and  interlace  each  other  in  a  manner  that  is  totally 
inexplicable  upon  the  supposition  of  wood  being  formed  by 
the  mere  deposit  of  secreted  matter.  If  the  new  wood  were  a 
mere  deposit  of  the  bark,  the  latter,  as  it  is  applied  to  every 
part  of  the  old  wood,  would  deposit  the  new  wood  equally 
over  the  whole  surface  of  the  latter,  and  the  deviation  of  the 
fibres  from  obstacles  in  their  downward  course  could  not 
occur.  This,  therefore,  in  my  mind,  places  the  question  as 
to  the  origin  of  the  wood  beyond  all  further  doubt.  Or,  if 
further  evidence  were  required,  it  would  be  furnished  by  a 
case  adduced  by  Achille  Richard,  who  states  that  he  saw,  in 
the  possession  of  Du  Petit  Thenars,  a  bi'anch  of  Robinia 
Pseudacacia  on  which  R.  hispida  had  been  grafted.  The  stock 
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had  died;  but  the  scion  had  continued  to  grow,  and  had 
emitted  from  its  base  a  sort  of  plaster  formed  of  very  distinct 
fibres,  Avhich  surrounded  the  extremity  of  the  stock  to  some 
distance,  forming  a  kind  of  sheath ;  and  thus  demonstrating 
incontestably  that  fibres  do  descend  from  the  base  of  the  scion 
to  overlay  the  stock.  The  singular  mode  of  growth  in  Pan- 
danus  is  equally  instructive.  In  that  plant  the  stem  next  the 
ground  is  extremely  slender,  a  little  higher  up  it  is  thicker 
and  emits  aerial  roots  which  seek  the  soil  and  act  as  stays  upon 
the  centre.  As  the  stem  increases  in  height  it  also  increases 
notably  in  diameter,  continuing  to  throw  out  aerial  roots.  As 
it  really  grows,  the  stem,  if  the  roots  were  pruned  awa}',  would 
be  an  inverted  cone ;  but  if  we  add  to  the  actual  thickness  of 
the  base  of  the  stem  the  capacity  of  the  aerial  roots  at  that 
part,  the  two  together  will  be  about  equal  to  the  capacity  of 
the  stem  at  the  apex ;  showing  that,  unless  the  roots  descend 
among  the  wood,  the  stem  will  not  increase  in  diameter. 

Mirbel,  who  formerly  advocated  the  doctrine  of  wood  being 

deposited  by  bark,  has,  with  the  candour  of  a  man   of  real 

science,  fairly  admitted  the  opinion  to  be  no  longer  tenable  ; 

and  he  has  sugsjested  in  its  room  that  wood  and  bark  are  in- 

dependent  formations,  —  v,'hich  is  no  doubt  true,  —  but,  he 

adds,  created  out  of  cambium,  in  which  it  is   impossible  to 

concur;  for  this  reason.     All  the  writers  hitherto  mentioned 

or  adverted  to  have  considered  the  formation    of  wood  only 

with  reference  to  exogenous  trees,  and  to  such  only  of  them  as 

are  the  common  forest  plants  of  Europe.     Had  they  taken 

into  account  exotic  trees  or  any  endogenous  plants,  they  would 

have  seen  that  none  of  their  theories  could  possibly  apply  to 

the  formation   of  wood  in  that  tribe.     In  many  exogenous 

plants  of  tropical  countries,  wood  is  not  deposited  in  regular 

circles  all  round  the  axis,  but  only  on  one  side  of  the  stem,  or 

along  certain  lines  upon  it :   were  it  a  deposit  from  the  bark, 

or    a  metamorphosis   of  cambium,    it  would  necessarily  be 

deposited  with  some  kind  of  uniformity.     In  endogenous  trees 

there  is  no  cambium,  and  yet  wood  is  formed  in  abundance ; 

and  the  new  wood  is  created  in  the  centre,  and  not  in  the 

circumference :  so  that  bark  can  have,  in  such  cases,  nothing 

whatever  to  do  with  the  creation  of  wood. 
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No  doubt  aware  of  most  of  the  difficulties  in  the  way  of 
the  common  theories  of  the  formation  of  wood,  Du  Petit 
Tliouars,  an  ingenious  French  pliysiologist,  who  had  possessed 
opportmiities  of  examining  the  growth  of  vegetation  in  tro- 
pical countries,  constructed  a  theory,  which,  although  in 
many  points  similar  to  the  one  proposed,  but  not  proved,  by 
his  countryman,  De  la  Hire,  is  nevertheless,  from  the  facts 
and  illustrations  skilfully  brought  by  the  French  philosopher 
to  his  aid,  to  be  considered  legitimately  as  his  own.  The 
attention  of  Du  Petit  Thouars  appears  to  have  been  first 
especially  called  to  the  real  origin  of  wood  by  having  re- 
marked, in  the  Isle  of  France,  that  the  branches  which  are 
emitted  by  the  truncheons  of  Dracaena  (with  which  hedges 
are  formed  in  that  colony)  root  between  the  rind  and  old 
wood,  forming  rays  of  which  the  axis  of  the  new,  shoot  is  the 
centre.  These  rays  surround  the  old  stem ;  the  lower  ones 
at  once  elongate  greatly  towards  the  earth,  and  the  upper 
ones  gradually  acquire  the  same  direction ;  so  that  at  last,  as 
they  become  disentangled  from  each  other,  the  whole  of  them 
pass  downwards  to  the  soil.  Reflecting  upon  this  curious 
fact,  and  upon  a  multitude  of  others,  which  I  have  no  space 
to  detail,  he  arrived  at  the  conclusion,  that  it  is  not  merely 
in  the  property  of  increasing  the  species  that  buds  agree  with 
seeds,  but  that  they  emit  roots  in  like  manner ;  and  that  the 
wood  and  liber  are  both  formed  by  the  downward  descent  of 
bud-roots,  at  first  nourished  by  the  moisture  of  the  cambium, 
and  finally  imbedded  in  the  cellular  tissue  which  is  the  result 
of  the  organisation  of  that  secretion.  Tliat  first  tendency 
of  the  embryo,  when  it  has  disengaged  itself  from  the  seed, 
to  send  roots  downwards  and  a  stem  and  leaves  upwards,  and 
to  form  buds  in  the  axils  of  the  latter,  is  in  like  manner 
possessed  by  the  buds  themselves ;  so  that  plants  increase  in 
size  by  an  endless  repetition  of  the  same  phenomenon. 

Hence  a  plant  is  formed  of  multitudes  of  buds  or  fixed 
embryos,  each  of  which  has  an  independent  life  and  action  : 
by  its  elongation  upwards  forming  new  branches  and  con- 
tinuing itself,  and  by  its  elongation  downwards  forming  wood 
and  bark;  which  are  therefore,  hi  Du  Petit  Thouars's  opinion, 
a  mass  of  roots. 
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This  opinion  would  probably  have  been  more  generally 
received  if  it  had  not  been  too  much  mixed  up  with  hypothe- 
tical statements,  to  the  reception  of  which  there  are  in  the 
minds  of  many  persons  strong  objections ;  as,  for  example,  that 
mentioned  in  the  last  paragraph.  But  it  is  remarkable  that 
the  antagonists  of  Du  Petit  Thouars  have  been  from  a  class 
of  naturalists  of  whom  it  may  be  said,  that  they  are  better 
known  in  consequence  of  the  celebrity  of  the  object  of  their 
attack  than  for  any  reputation  of  their  ouii.  To  this  how- 
ever, there  are  some  exceptions,  as,  for  instance,  Mirbel  and 
Desfontaines,  two  of  the  most  learned  botanists  of  France. 
The  theory,  nevertheless,  seems  the  only  one  that  is  adapted 
at  once  to  explain  the  real  cause  of  the  many  anomalous 
forms  of  exogenous  stems  which  must  be  familiar  to  the  re- 
collection of  all  botanists,  and  that,  at  the  same  time,  is  equally 
applicable  to  the  exogenous  and  endogenous  modes  of  growth ; 
a  condition  which,  it  will  be  readily  admitted,  is  indispensable 
to  any  theory  of  the  formation  of  wood  that  may  be  proposed. 
It  also  offers  the  simplest  explanation  of  the  phenomena  that 
are  constantly  occuring  in  the  operations  of  gardening. 

The  most  important  of  the  objections  that  have  been  taken 
to  it  are  the  followinfj  :  —  If  wood  were  reallv  organised  matter 
emanating  from  the  leaves,  it  must  necessarily  happen  that  in 
grafted  plants  the  stock  would  in  time  acquire  the  nature  of 
the  scion,  because  its  wood  would  be  formed  entirely  by  the 
addition  of  new  matter,  said  to  be  furnished  by  the  leaves  of 
the  scion.  So  far  is  this,  however,  from  being  the  fact,  that  it 
is  well  known  that,  in  the  oldest  grafted  trees,  there  is  no 
action  whatever  exercised  by  the  scion  upon  the  stock,  but 
that,  on  the  contrary,  a  distinct  line  of  organic  demarcation 
separates  the  wood  of  one  from  the  other,  and  the  shoots 
emitted  from  the  stock,  by  wood  said  to  have  been  generated 
by  the  leaves  of  the  scion,  are  in  all  respects  of  the  nature  of 
the  stock.  Asjain  —  if  a  rinff  of  bark  from  a  red-wooded 
tree  is  made  to  grow  in  the  room  of  a  similar  ring  of  bark  of 
a  white-wooded  tree,  as  it  easily  may  be  made,  the  trunk  will 
increase  in  diameter,  but  all  the  wood  beneath  the  ring  of 
red  bark  will  be  red,  althoucrh  it  must  have  orisrinated  in  the 
leaves  of  the  tree  which  produces  white  wood.      It  is  further 
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urged,  that,  in  grafted  plants,  the  scion  often  overgrows  the 
stock,  increasing  much  the  more  rapidly  in  diameter,  or  that 
the  reverse  takes  place,  as  when  the  Pavia  lutea  is  grafted 
upon  the  common  horse-chestnut,  —  and  that  these  circum- 
stances are  inconsistent  with  the  supposition  that  the  wood  is 
organic  matter  engendered  by  leaves.     To  these  statements 
there  is  nothing  to  object  as  mere  facts,  for  they  are  true ; 
but  they  certainly  do  not  warrant  the  conclusions  that  have 
been  drawn  from  them.     One  most  important  point  is  over- 
looked by  those  who  employ  such  arguments,  namely,  that 
in  all  plants  there  are  two  distinct  simultaneous  systems  of 
growth,  the  cellular  and  the  fibro-vascular,  of  which  the  former 
is  horizontal,  and   the   latter    vertical.     The    cellular  gives 
origin  to  the  pith,  the  medullary  rays,  and  the  principal  part 
of  the  cortical  integument ;  the  fibro-vascular,  to  the  wood  and 
a  portion  of  the  bark ;  so  that  the  axis  of  a  plant  may  be  not 
inaptly  compared  to  a  piece  of  linen,  the  cellular  system  being 
the  woof,  the  fibro-vascular    the    warp.      It  has    also    been 
proved  by  Knight  and  De  Candolle  that  buds  are  exclusively 
generated  by  the  cellular   system,   while   ^'oots  are  evolved 
from  the  fibro-vascular  system.     Now,  if  these  facts  are  rightly 
considered,  they  will  be  found  to  offer  an  obvious  explanation 
of  the  phenomena  appealed  to  by  those  botanists  who  think 
that  wood  cannot  be  matter  generated  in  an  organic  state  by 
the  leaves.     The  character  of  wood  is  chiefly  owing  to  the 
colour,  quantity,  size,  and  distortions  of  the  medullary  rays, 
which  belong  to  the  horizontal  system  :  it  is  for  this  reason 
that  there  is  so  distinct  a  line  drawn  between  the  wood  of  the 
graft  and  stock ;   for  the  horizontal  systems  of  each  are  con- 
stantly pressing  together  with  nearly  equal  force,  and  uniting 
as  the  trunk  increases  in  diameter.      As  buds  from  which 
new  branches  elongate  are  generated  by  cellular  tissue,  they 
also  belong  to  the  horizontal  system  :  and  hence  it  is  that  the 
stock  will  always  produce  branches  like  itself,  notwithstanding 
the  long  superposition  of  new  wood  which  has  been  taking 
place  in  it  from  the  scion. 

The  case  of  a  ring  of  red  bark  always  forming  red  wood 
beneath  it,  is  precisely  of  the  same  nature.  After  the  new 
bark  has  adhered  to  the  mouths  of  the  medullaiy  z'ays  of  the 
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Stock,  and  so  identified  itself  with  the  horizontal  system,  it  is 
oradually  pushed  outwards  by  the  descent  of  woody  matter 
from  above  through  it;  but  in  giving  way  it  is  constantly 
generatino-  red  matter  from  its  horizontal  system,  through 
which  the  wood  descends,  which  thus  acquires  a  colour  that 
does  not  properly  belong  to  it.  With  regard  to  the  instances 
of  o-rafts  overgrowing  their  stocks,  or  vice  versa,  it  is  obvious, 
that  these  are  susceptible  of  explanation  on  the  same  principle. 
If  the  horizontal  system  of  both  stock  and  scion  has  an  equal 
power  of  lateral  extension,  the  diameter  of  each  will  remain 
the  same ;  but,  if  one  grows  more  rapidly  than  the  other, 
the  diameters  will  necessarily  be  diiferent :  where  the  scion 
has  a  horizontal  system  that  developes  more  rapidly  than  that 
of  the  stock,  the  latter  will  be  the  smaller,  and  vice  versa. 
It  is,  however,  to  be  observed,  that  in  these  cases  plants  are 
altogether  in  a  morbid  state,  and  will  not  live  for  any  consi- 
derable time. 

Another  case  was,  that  if  a  large  ring  of  bark  be  taken 
from  the  trunk  of  a  vigorous  elm  or  other  tree,  without  being 
replaced  with  any  thing,  new  beds  of  wood  will  be  found 
in  the  lower  as  well  as  upper  part  of  the  trunk ;  while  no 
ligneous  production  will  appear  on  the  ring  of  wood  left  ex- 
posed by  the  removal  of  the  bark.  Now  this  is  so  directly  at 
variance  with  the  observations  of  others,  that  it  is  impossible 
to  receive  it  as  an  objection  until  its  truth  shall  have  been 
demonstrated.  It  is  well  known,  that  if  the  least  continuous 
portion  of  liber  be  left  upon  the  surface  of  a  wound  of  this 
kind,  that  portion  is  alone  sufficient  to  establish  the  communi- 
cation between  the  upper  and  lower  lips  of  the  wound ;  but, 
without  some  such  slight  channel  of  union,  it  is  contrary  to 
experience  that  the  part  of  a  trunk  below  an  annular  incision 
should  increase  by  the  addition  of  new  layers  of  wood  until 
the  lips  of  the  wound  are  united,  unless  buds  exist  upon  the 
trunk  below  the  ring. 

Those  who  object  to  the  theory  of  wood  being  generated  by 
the  action  of  leaves,  either  suppose,  -^  1st,  that  liber  is  deve- 
loped by  alburnum,  and  wood  by  liber ;  or,  •2dly,  that  "  the 
woody  and  cortical  layers  originate  laterally  from  the  cambium 
furnished  by  pre-existing  layers,  and  nourished  by  the  descend- 
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ino-  sap.  The  first  of  these  opinions  appears  to  be  that  of 
Turpin,  as  far  as  can  be  collected  from  a  long  memoir  upon 
the  grafting  of  plants  and  animals.  The  second  is  the  opinion 
commonly  entertained  in  France,  and  adopted  by  De  Candolle 
in  his  latest  published  work. 

The  objections  to  the  views  of  Turpin  need  hardly  be 
stated.  Those  which  especially  bear  upon  the  view  taken  by 
De  Candolle  are,  that  his  theory  is  not  applicable  to  all  parts 
of  the  vegetable  kingdom,  but  to  exogenous  plants  only  ;  that 
it  is  inconceivable  how  the  highly  organised  parallel  tubes  of 
the  wood,  which  can  be  traced  anatomically  from  the  leaves, 
and  which  are  formed  with  great  rapidity,  can  be  a  lateral 
deposit  from  the  liber  and  alburnum ;  that  they  are  manifestly 
formed  long  before  it  can  be  supposed  that  leaves  have 
commenced  their  office  of  elaborating  the  descending  sap; 
and,  finally,  tbat  endogens  and  cryptogamic  plants,  in  which 
there  is  no  secretion  of  cambium,  nevertheless  have  wood. 

Such  is  the  state  of  this  subject  at  the  time  I  am  writing. 
To  vise  the  words  of  De  Candolle,  "  The  whole  question  may 
be  reduced  to  this  —  Either  there  descend  from  the  top  of  a 
tree  the  rudiments  of  fibres,  which  are  nourished  and  deve- 
loped by  the  juices  springing  laterally  from  the  body  of  wood 
and  bark ;  or  new  layers  are  developed  by  pre-existing  layei-s, 
which  are  nourished  by  the  descending  juices  formed  in  the 
leaves." 

As  this  is  one  of  the  most  curious  points  remaining  to  be 
settled  among  botanists,  and  as  it  is  still  as  much  open  to 
discussion  as  ever,  I  have  dwelt  upon  it  at  an  unusual  lengdi, 
in  the  hope  that  some  one  may  have  leisure  to  prosecute  the 
inquiry.  Perhaps  there  is  no  mode  of  proceeding  to  eluci- 
date it  which  would  be  more  likely  to  lead  to  positive  results, 
than  a  very  careful  anatomical  examination  of  the  progres- 
sive development  of  the  mangel  wurzel  root,  beginning  with 
its  dormant  embryo,  and  concluding  with  the  perfectly  formed 
plant. 
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CHAPTER  IV. 


OF    THE    LEAVES. 


Leaves  are  at   once  organs    of  respiration,    digestion,   and 
nutrition.     They  elaborate  the  crude  sap  impelled  into  them 
from  the  stem,  parting  with  its  water,  adding  to  it  carbon, 
and  exposing  the  whole  to  the  action  of  air ;   and  while  they 
supply  the  necessary  food  to  the  young  fibres  that  pass  down- 
wards from  them  and  from  the  buds,  in  the  form  of  alburnum 
and  liber,  they  also  furnish  nutriment  to  all  the  parts  imme- 
diately above  and  beneath  them.    There  are  many  experiments 
to  show  that  such  is  the  purpose  of  the  leaves.     If  a  number 
of  rings  of  bark  are  separated  by  species  without  bark,  those 
which  have  leaves  upon  them  will  live  much  longer  than  those 
which  are  destitute  of  leaves.      If  leaves  are  stripped  from  a 
plant  before  the  fruit  has  commenced  ripening,  the  fruit  will 
fall  off  and  not  ripen.     If  a  branch  is  deprived  of  leaves  for  a 
whole  summer,  it  will  either  die  or  not  increase  in  size  per- 
ceptibly.    The  presence  of  cotyledons,  or  seminal  leaves,  at  a 
time  when  no  other  leaves  have  been  formed  for  nourishino- 
the  young  plant,  is  considered  a  further  proof  of  the  nutritive 
purposes  of  leaves  :  if  the  cotyledons  are  cut  ofF,  the  seed  will 
either  not  vegetate  at  all,  or  slowly  and  with  great  difficulty ; 
and  if  they  are  injured  by  old  age,  or  any  other  circumstance, 
they  produce  a  languor  of  habit  which  only  ceases  with  the 
life  of  the  plant,  if  it  be  an  annual.     This  is  the  reason  why 
gardeners  prefer  old  melon  and  cucumber  seeds  to  new  ones  : 
in  the  former  the  nutritive  power  of  the  seed-leaves  is  im- 
paired, the  young  plant  grows  slowly,  a  languid  circulation  is 
induced  from  the  begiiniing ;  by  wliich  excessive  luxuriance 
is  checked,  and  fruit  formed  rather  than  leaves  or  branches- 

Notliing  can  be  more  admirable  than  the  adaptation  of  leaves 
to  such  purposes  as  those  just  mentioned.    It  has  been  already 
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shown,  in  speaking  of  the  anatomy  of  a  leaf,  that  in  most  cases 
it  consists  of  a  thin  plate  of  cellular  tissue  pierced  by  air 
vessels  and  woody  tissue,  and  inclosed  within  a  hollow  empty 
stratum  of  cells  forming  cuticle.  Beneath  the  upper  cuticle 
the  component  bladders  of  the  cellular  tissue  are  compactly  ar- 
ranged perpendicular  to  the  plane  of  the  cuticle,  and  have 
but  a  small  quantity  of  air-cavities  among  them.  Beneath 
the  lower  cuticle  the  bladders  are  loosely  arranged  parallel 
with  the  cuticle,  and  are  full  of  air  chambers  communicating 
with  the  stomates.  The  cuticle  prevents  too  rapid  an  evapor- 
ation beneath  the  solar  rays,  and  thickens  when  it  is  especially 
necessary  to  control  evaporation  more  powerfully  than  usual ; 
thus  in  the  Oleander,  which  has  to  exist  beneath  the  fervid  sun  of 
Barbary,  in  a  parched  country,  the  cuticle  is  composed  of  not 
less  than  three  layers  of  thick-sided  cuticle.  To  furnish  leaves 
with  the  means  of  parting  with  superfluous  moisture,  at  periods 
when  the  cuticle  offers  too  much  resistance,  there  are  stomates 
which  act  like  valves,  and  open  to  permit  its  passage  :  or  when, 
in  dry  weather,  the  stem  does  not  supply  fluid  in  sufficient 
quantity  from  the  soil  for  the  nourishment  of  the  leaves,  these 
same  stomates  open  themselves  at  night,  and  allow  the 
entrance  of  atmospheric  moisture,  closing  when  the  cavities  of 
the  leaf  are  full.  In  submersed  leaves,  in  which  no  variation 
can  take  place  in  the  condition  of  the  medium  in  which  they 
float,  both  cuticle  and  stomates  would  be  useless,  and  accord- 
ingly neither  exists.  For  the  purpose  of  exposing  the  fluids 
contained  in  the  leaves  to  the  influence  of  the  air,  the  cuticle 
would  frequently  offer  an  insufficient  degree  of  surface.  In 
order,  therefore,  to  increase  the  quantity  of  surface  that  is 
exposed,  the  tissue  of  the  leaf  is  cavernous,  each  stomate 
opening  into  a  cavity  beneath  it,  which  is  connected  with 
multitudes  of  intercellular  passages.  But,  as  too  much  fluid 
might  be  lost  by  evaporation  in  parts  exposed  to  the  sun,  we 
find  that  the  cells  of  the  upper  stratum  of  parenchyma  only 
expose  their  ends  to  the  cuticle,  and  interpose  a  barrier 
between  the  direct  rays  of  the  sun  and  the  more  lax  respiring 
portion  forming  the  under  stratum.  It  is  not  improbable, 
moreover,  that  those  cells  which  form  die  upper  stratum  per- 
form a  function  analogous  to  that  of  the  stomach  in  animals, 
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dio-estin«f  the  crude  matter  they  receive  from  the  stem,  and 
that  the  lower  stratum  takes  up  the  matter  so  altered  and 
submits  it  to  the  action  of  the  atmosphere,  which  must  enter 
the  leaf  purely  by  means  of  the  stomates.  Nor  are  the 
stomates  and  the  cavernous  parenchyma  of  the  leaf  the  only 
means  provided  for  the  regulation  of  its  functions.  Hairs,  no 
doubt,  perform  no  mean  office  in  their  economy.  In  some 
cases  these  processes  seem  destined  only  for  protection  against 
cold,  as  in  those  plants  in  which  they  only  clothe  the  buds 
and  youngest  leaves,  falling  away  as  soon  as  the  tender  parts 
have  become  hardened ;  but  it  can  hardly  be  doubted  that  in 
many  others  they  are  absorbent  organs,  intended  to  collect 
humidity  from  the  atmosphere.  In  succulent  plants,  or  in  such 
as  grow  naturally  in  shady  places,  where  moisture  already 
exists  in  abundance,  they  are  usually  wanting :  but  in  hot, 
dry,  exposed  places,  where  it  is  necessary  that  the  leaf  should 
avail  itself  of  every  means  of  collecting  its  food,  there  they 
abound,  lifting  up  their  points  and  separating  at  the  approach 
of  the  evening  dews,  but  again  falling  down,  and  forming  a 
layer  of  minute  cavities  above  the  cuticle,  as  soon  as  the  heat 
of  the  sun  begins  to  be  perceived. 

Whether  or  not  leaves  have  the  power  of  absorbing  atmo- 
spheric fluid,  independently  of  their  hairs,  is  a  matter  of  doubt. 
By  some  it  is  believed  that  they  do  possess  such  a  power,  and 
that  absorption  takes  place  indifferently  by  either  the 
upper  or  under  surface  of  the  leaf,  but  that  some  plants  absorb 
more  powerfully  by  one  surface  than  by  the  other.  Bonnet 
found  that,  while  the  leaves  of  Arum,  the  kidney-bean,  the 
lilac,  the  cabbage,  and  others,  retained  their  verdure  equally 
long  whichever  side  was  deprived  of  the  power  of  absorption, 
the  Plantago,  some  Verbascums,  the  marvel  of  Peru,  and 
others,  lost  their  life  soonest  when  the  upper  surface  was 
prevented  from  absorbing ;  and  that,  in  a  number  of  trees  and 
shrubs,  the  leaves  were  killed  very  quickly  by  preventing 
absolution  by  the  loicer  surface.  But  others  contend  that 
Bonnet's  experiments  merely  produced  a  hindrance  of  evapor- 
ation in  some  cases,  and  of  respiration  in  others ;  and  that 
leaves  have,  in  fact,  no  power  of  attracting  fluid.  In  proof  of 
this  it  is  urged  that,  if  leaves  are  made  to  float  on  coloured  in- 
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fusions,  no  colouring  matter  enters  them.  Considei'ing,  how- 
ever, the  thinness  of  the  cuticle  of  many  plants,  and  the  gi-eat 
permeability  of  vegetable  membrane  in  general,  it  can  hardly 
be  doubted  that  they  do  possess  the  power  of  absorption  that 
Bonnet  contends  for.  This  seems  to  be  further  proved  by 
the  respective  effects  obviously  produced  upon  plants  by  a 
shower  of  rain  in  the  summer,  or  by  syringing  the  fading 
plants  in  a  hothouse. 

Leaves  usually  are  so  placed  upon  the  stem  that  their  upper 
surface  is  turned  towards  the  heavens,  their  lower  towards  the 
earth  ;  but  this  position  varies  occasionally.  In  some  plants 
they  are  imbricated,  so  as  to  be  almost  parallel  with  the  stem ; 
in  others  they  are  deflexed  till  the  lower  surface  becomes 
almost  parallel  with  the  stem,  and  the  upper  surface  is  far  re- 
moved from  opposition  to  the  heavens.  A  few  plants,  more- 
over, invert  the  usual  position  of  the  leaves  by  twisting  the 
petiole  half  round,  so  that  either  the  two  margins  become 
opposed  to  earth  and  sky,  or  the  lower  surface  becomes  up- 
permost :  this  is  especially  the  case  with  plants  bearing  phyl- 
lodia,  or  spurious  leaves. 

At  night  a  phenomenon  occurs  in  plants  which  is  called 
their  sleep  :  it  consists  in  the  leaves  folding  up  and  drooping, 
as  those  of  the  sensitive  plant  when  touched.  This  scarcely 
happens  perceptibly  except  in  compound  leaves,  in  which  the 
leaflets  are  articulated  with  the  petiole,  and  the  petiole  with 
the  stem :  it  is  supposed  to  be  caused  by  the  absence  of  light, 
and  will  be  farther  spoken  of  under  the  head  of  irritability. 

After  the  leaves  have  performed  their  functions,  they  fall 
oflP:  this  happens  at  extremely  unequal  periods  in  different 
species.  In  some  they  all  wither  and  fall  oflF  by  the  end  of  a 
single  season;  in  others,  as  the  beech  and  hornbeam,  they 
wither  in  the  autumn,  but  do  not  fall  off  till  the  succeeding 
spring ;  and,  in  a  third  class,  they  neither  wither  nor  fall  off 
the  first  season,  but  retain  their  verdure  during  the  winter, 
and  till  long  after  the  commencement  of  another  year's 
growth:  these  are  our  evergreens.  Mirbel  distinguishes 
leaves  into  three  kinds,  as  characterised  by  their  periods  of 
falling :  — 
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1.  Fugacious  or  caducous,  which  fall  shortly  after  their 
appearance  ;  as  in  Cactus. 

2.  Deciduous  or  annual,  which  fall  off  in  the  autumn  ;  as 

the  Apple. 

3.  Persistent,  evergreen,  or  perennial,  which  remain  perfect 
upon  the  plant  beyond  a  single  season ;  as  Holly,  Common 
Laurel,  &c. 

With  regard  to  the  cause  of  the  fall  of  the  leaf  a  number 
of  explanations  have  been  given,  which  may  be  found  in 
Willdenow's  Principles  of  Botany,  p.  336.  There  is,  however, 
only  two  that  are  much  worth  recording ;  those  of  Du  Petit 
Thouars  and  De  Candolle. 

If  you  will  watch  the  progress  of  a  tree, — of  the  elder  for 
example, — says  the  former  writer,  you  will  perceive  that  the 
lowest  leaves  upon  the  branches  fall  long  before  those  at  the 
extremities.  The  cause  of  this  may  be,  perhaps,  explained 
upon  the  following  principle :  —  In  the  first  instance,  the  base 
of  every  leaf  reposes  upon  the  pith  of  the  branch,  to  the  sheath 
of  which  it  is  attached.  But,  as  the  branch  increases  in 
diameter  by  the  acquisition  of  new  wood,  the  space  between 
the  base  of  the  leaf  and  the  pith  becomes  sensibly  augmented. 
It  has,  therefore,  been  necessary  that  the  fibres  by  which  the 
leaf  is  connected  with  the  pith  should  lengthen,  in  order  to 
admit  the  deposition  of  wood  between  the  bark  and  the  pith. 
Now  how  does  this  elongation  take  place  ?  As  the  bundles 
of  fibres  which  run  from  the  pith  into  the  leaf-stalk  are  at  first 
composed  only  of  spiral  vessels,  it  is  easy  to  conceive  that  they 
may  be  susceptible  of  elongation  by  unrolling.  And  in  this 
seems  to  lie  tlie  mystery  of  the  fall  of  the  leaf;  for  the  moment 
will  come  when  the  spiral  vessels  are  entirely  unrolled,  and 
incapable  of  any  further  elongation  :  they  will,  therefore,  by 
the  force  of  vegetation,  be  stretched  untill  they  snap,  when 
the  necessary  communication  between  the  branch  and  the  leaf 
is  destroyed,  and  the  latter  falls  off. 

De  Candolle  explains  this  matter  otherwise.  The  increase 
of  leaves,  he  says,  whether  in  length  or  in  breadth,  generally 
attains  its  term  with  sufficient  rapidity ;  the  leaf  exercises 
its  functions  for  a  while,  and  enjoys  the  plenitude  of  its  exist- 
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ence;  but,  by  degrees,  in  conseqvience  of  exhaling  perfectly 
pure  water,  and  preserving  in  its  tissue  the  earthy  matters 
which  the  sap  had  carried  there,  the  vessels  harden  and  their 
pores  are  obstructed.  This  time  in  general  arrives  the 
more  rapidly  as  evaporation  is  more  active :  thus  we  find 
the  leaves  of  herbaceous  plants,  or  of  trees  which  evaporate 
a  great  deal,  fall  before  the  end  of  the  year  in  which  they 
were  born ;  while  those  of  succulent  plants,  or  of  trees 
with  a  hard  and  leathery  texture,  which,  for  one  cause  or  an- 
other, evaporate  but  little,  often  last  several  years.  We  may, 
therefore,  in  general  say  that  the  duration  of  life  in  leaves  is 
in  inverse  proportion  to  the  force  of  their  evaporation. 
When  this  time  has  arrived,  the  leaf  gradually  dries  up,  and 
finishes  by  dying :  but  the  death  of  the  leaf  ought  not  to  be 
confounded  with  its  fall ;  for  these  two  phenomena,  although 
frequently  confounded,  are  in  reality  very  different.  All 
leaves  die  some  time  or  other;  but  some  are  gradually  de- 
stroyed by  exterior  accidents,  without  failing ;  while  others  fall, 
separating  from_  the  stem  at  their  base,  and  fall  at  once, 
either  already  dead,  or  dying,  or  simply  unhealthy. 

It  is  probable  that  both  these  explanations  are  required  to 
understand  the  phenomena  of  the  fall  of  the  leaf,  and  that  it 
is  neither  the  rupture  of  the  spiral  vessels,  nor  the  choking 
up  the  other  kind  of  tissue,  separately,  which  produce  it,  but 
the  two  combined ;  the  one  acting  principally  in  some  cases, 
and  the  other  iii  others. 
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CHAPTER  V. 

OF    THE    BRACTS  AND    FLORAL    ENVELOPES. DISENGAGEMENT 

OF    CALORIC. 

The  bracts,  when  but  slightly  removed  from  the  colour  and 
form  of  leaves,  no  doubt  perform  functions  similar  to  those  of 
the  latter  organs ;  and  when  coloured  and  petaloid,  it  may  be 
presumed  that  they  perform  the  same  office  as  the  corolla. 
Nothing,  therefore,  need  be  said  of  them  separately. 

With  regard  to  the  calvx,  corolla,  and  disk,  I  sliall 
chiefly  follow  Dunal's  statements  in  his  ingenious  pamplilet, 
(Swr  les  Fonctions  des  Organes  Jloraux  colores  et  glanduleux.  4to. 
Paris,  1829. 

The  calyx  seems,  when  green,  to  perform  the  functions  of 
leaves,  and  to  serve  as  a  protection  to  the  petals  and  sexual 
organs ;  when  coloured,  its  office  is  imdoubtedly  the  same  as 
that  of  the  corolla. 

The  common  notion  of  the  use  of  the  corolla  is,  that,  inde- 
pendently of  its  ornamental  appeai'ance,  it  is  a  protection  to 
the  organs  of  fertilisation :  but,  if  it  is  considered  that  the 
stamens  and  pistils  have  often  acquired  consistence  enough  to 
be  able  to  dispense  with  protection  before  the  petals  are  enough 
developed  to  defend  them,  it  will  become  more  probable  that 
the  protecting  property  of  the  petals,  if  any,  is  of  secondary 
importance  only. 

Among  the  many  speculations  to  which  those  interesting 
ornaments  have  given  birth  is  one,  that  the  petals  and  disk 
are  the  agents  of  a  secretion  which  is  destined  to  the  nutrition 
of  the  anthers  and  young  ovules.  These  parts  are  formed  in 
the  flower-bud  long  before  they  are  finally  called  into  action ; 
in  the  almond,  for  example,  they  are  visible  some  time  before 
the  spring,  beneath  whose  influence  they  are  destined  to  ex- 
pand.   In  that  plant,  just  before  the  opening  of  the  flower, 
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the  petals  are  folded  up;  the  glandular  disk  that  lines  the 
tube  of  the  calyx  is  dry  and  scentless ;  and  its  colour  is  at 
that  time  dull,  like  the  petals  at  the  same  period.  But,  as 
soon  as  jhe  atmospheric  air  comes  in  direct  contact  with 
these  parts,  the  petals  expand  and  turn  out  of  the  calyx,  the 
disk  enlarges,  and  the  aspect  of  both  oi'gans  is  altered.  Their 
compact  tissue  gradually  acquires  its  full  colour  and  velvety 
surface ;  the  surface  of  the  disk,  which  before  was  dry,  becomes 
lubricated  by  a  thick  liquid,  exlialing  that  smell  of  honey  which 
is  so  well  known.  At  this  time  the  stamens  perform  their 
office.  No  sooner  is  that  effected  than  they  wither,  the  petals 
shrivel  and  fall  away,  the  secretion  from  the  disk  gradually 
dries  up,  and,  in  the  end,  the  disk  perishes  along  with  the 
other  organs  to  w^hich  it  appertained.  If  the  disk  of  an 
almond  flower  be  broken  before  expansion,  it  will  be  seen  that 
the  fractured  surface  has  the  same  appearance  as  that  of  those 
parts  which  in  certain  plants  contain  a  large  quantity  of  faecula, 
as  the  tubers  of  the  potato,  C}^erus  esculentus,  &c.  This 
led  Dunal  to  suspect  that  the  young  disks  also  contained 
faecula:  which  he  afterwards  ascertained,  by  experiment,  to 
be  the  fact  in  the  spadix  of  Arum  italicum  before  the  de- 
hiscence of  the  anthers;  but,  subsequently  to  their  bursting,  no 
trace  of  faecula  could  be  discovered.  Hence  he  inferred  that 
the  action  of  the  air  upon  the  humid  faecula  of  the  disk  had 
the  effect  of  converting  it  into  a  saccharine  matter  fit  for  the 
nutrition  of  the  pollen  and  young  ovules;  just  as  the  faecula  of 
the  albumen  is  converted  in  germination  into  nutritive  matter 
for  the  support  of  the  embryo. 

In  support  of  this  hypothesis  Dunal  remarks,  that  the 
conditions  requisite  for  germination  are  analogous  to  those 
which  cause  the  expansion  of  a  flower.  The  latter  opens  only 
in  a  temperature  above  32°  Fahr.,  that  of  10°  to  30°  centig. 
(50°  to  86°  Fahr.)  being  the  most  favoui*able;  it  requires  a 
considerable  supply  of  ascending  sap,  without  the  watery  parts 
of  which  it  cannot  open  ;  and,  thirdly,  flowers,  even  in  aquatic 
plants,  will  not  develope  in  media  deprived  of  oxygen. 

Thus  the  conditions  required  for  germination  and  for 
flowering  are  the  same :  the  phenomena  are  in  both  cases 
also  very  similar. 
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When  a  germinating  seed  has  acquired  the  necessary 
degree  of  heat  and  moisture,  it  abstracts  from  the  air  a  por- 
tion of  its  oxygen,  and  gives  out  an  equal  quantity  of  carbonic 
acid  gas  :  but,  as  one  volume  of  the  latter  gas  enuals  one 
volume  of  oxygen,  it  is  evident  that  the  seed  is,  in  this  way, 
deprived  of  a  part  of  its  carbon.  Some  changes  take  place  in 
the  albumen  and  cotyledons;  and,  finally,  the  faecula  that 
they  contained  is  replaced  by  saccharine  matter.  In  like 
manner  a  flower,  while  expanding,  robs  the  air  of  oxygen,  and 
gives  out  an  equal  volume  of  carbonic  acid ;  and  a  sugary 
matter  is  also  formed,  apparently  at  the  expense  of  the  faecula 
of  the  disk  or  petals. 

The  quantity  of  oxygen  converted  into  carbonic  acid  in 
germination  is,  cceteris  paribus,  in  proportion  to  the  weight  of 
the  seed ;  but  some  seeds  absorb  more  than  others.  Theodore 
de  Saussure  has  shown  that  exactly  the  same  phenomenon 
occurs  in  flowers. 

Heat  is  a  consequence  of  germination ;  the  temperature  is 
also  augmented  during  flowering,  as  has  been  proved  by 
Theodore  de  Saussure  in  the  Arum,  the  gourd,  the  Bignonia 
radicans,  Polyanthes  tuberosa,  and  others. 

The  greater  part  of  the  saccharine  matter  produced  during 
germination  is  absorbed  by  the  radicle,  and  transmitted  to  the 
first  bud  of  the  young  plant.  Dunal  is  of  opinion  that  the 
sugar  of  the  nectary  and  petals  is  in  like  manner  conveyed 
to  the  anthers  and  young  ovules,  and  that  the  free  liquid 
honey  which  exists  in  such  abundance  in  many  flowers,  is  a 
secretion  of  superabundant  fluid  ;  it  can  be  taken  away,  as  is 
well  known,  without  injury  to  the  flower. 

This  opinion  will  probably  be  considered  the  better  founded, 
if  it  can  be  shown  that  the  disengagement  of  caloric  and  de- 
struction of  oxygen  are  in  direct  relation  to  the  developement 
of  the  glandular  disk,  and  also  are  most  considerable  at  the 
time  when  the  functions  of  the  anthers  are  most  actively 
performed. 

In  no  plants,  perhaps,  is  the  glandular  disk  more  developed 
than  in  Arums :  and  it  is  here  that  the  most  remarkable  degree 
of  developement  of  caloric  lias  been  observed.  Senebier  found 
that  the  bulb  of  a  thermometer,  applied  to  the  surface  of  the 
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spadix  of  Arum  maculatum,  indicated  a  temperature  7°  higher 
than  that  of  the  external  air.  Hubert  remarked  this  in  a 
still  more  striking  degree  upon  Arum  cordifolium  at  the 
Isle  of  France.  A  thermometer  placed  in  the  centre  of  five 
spadixes  stood  at  111°,  and  in  the  centre  of  twelve  at  121°, 
although  the  temperature  of  the  external  air  was  only  66°. 
The  greatest  degree  of  heat  in  these  experiments  was  at  sun- 
rise. The  same  observer  found  that  the  male  parts  of  six 
spadixes,  deprived  of  their  glandular  part,  raised  the  tem- 
perature only  to  105°;  and  the  same  number  of  female  spa- 
dixes only  to  86^;  and,  finally,  that  the  heat  was  wholly 
destroyed  by  preventing  the  spadix  from  coming  in  contact 
with  the  air. 

Similar  observations  were  made  by  others  with  correspond- 
ing results ;  bvit,  nevertheles,  as  many  persons  attempted  in 
vain  to  witness  the  phenomenon,  it  began  to  be  doubted, 
especialty  after  Treviranus  added  his  authority  to  that  of  those 
Avho  doubted  the  existence  of  any  disengagement  of  heat.  The 
truth  of  the  statement  of  Saussure  and  others  has  lately,  how- 
ever, been  placed  beyond  all  further  doubt,  by  the  experiments 
of  Adolphe  Brongniart  upon  Colocasia  odora.  {Nouv.  Ann.  du 
Museum,  vol.  iii.)  From  the  period  of  the  expansion  of  the 
spathe,  he  applied  to  the  middle  of  the  spadix  a  very  delicate 
and  small  thermometer,  which  he  fixed  to  its  place  by  a  piece 
of  flannel  rolled  several  times  round  it  and  the  spadix,  so  that 
the  bulb  of  the  thermometer  touched  the  spadix  on  one  side; 
on  all  others  was  protected  by  the  flannel  from  contact  with 
the  air.  All  this  little  apparatus  covered  so  small  a  portion 
of  the  spadix,  that  it  was  left  in  its  place  without  interfering 
with  the  functions  of  that  part.  On  the  13th  March,  the 
spathe  not  being  open,  the  flower  diffused,  notwithstanding,  a 
fragrant  smell.  On  the  14th,  it  was  open,  and  the  odour  was 
much  increased.  The  emission  of  pollen  took  place  on  the 
16th,  between  8  and  10  a.m.,  and  continued  till  the  18th.  On 
the  19th  the  flower  began  to  fade.  From  the  14th  to  the 
19th  the  temperature  increased  daily,  during  the  night  and  in 
the  morning  falling  back  to  nearly  that  of  the  surrounding  air. 
The  maximum  of  elevation  of  temperature  above  that  of  the 
atmosphere  occurred,  — 
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The  14th, 

at  3  P.M.     4°  5  centigrade 

15th, 

4  P.M.   10° 

16th, 

5  P.M.   10°  2 

17th, 

5  P.M.  ir 

• 

18th, 

11a.m.     8°  2 

19th, 

10  a.m.     2°  5 

These  maxima  might  be  ahnost  compareci  to  the  access  of 
an  intermittent  fever. 

That  these  phenomena  should  not  be  observed  in  ordinary 
cases,  is  no  proof  that  they  do  not  also  occur;  for  it  is  easy  to 
comprehend  that,  when  flowers  are  freely  exposed  to  the  ex- 
ternal air,  the  small  amount  of  caloric  which  any  one  may 
give  off  will  be  instantly  dispersed  in  the  surrounding  air 
before  the  most  delicate  instrument  can  be  sensible  of  it ;  and 
that  it  is  in  those  cases  only  of  large  quantities  of  flowers  col- 
lected within  a  hollow  case,  like  a  spathe,  which  prevents  the 
heat  escaping  when  evolved,  that  we  can  hope  to  measure  it. 

From  experiments  of  Saussure,  it  seems  certain  that  the  dis- 
engagement of  heat,  and,  consequently,  destruction  of  oxygen, 
is  chiefly  caused  by  the  action  of  the  anthers,  or  at  least  of 
the  organs  of  fecundation,  as  appears  from  the  following 
table :  — 


Names. 


Passiflora  serratifolia 
Hibiscus  speciosus 
Cucurbita  maxima, 

male  flower     - 
Arum  italicum,spadix 
cold     -       -       - 

spadix  hot 

24  hours  after 


Duration 

of  the 

Experiment. 


12  hours. 

24 

24 
24 


Oxygen  destroyed. 


By  the  bud. 


6  times  its  vol. 
6 

7,4 

5  to  6 


By  the 
flower  dur- 
ing its  ex- 
pansion. 

12 

8,7 

12 


30 


By  the 

flower  in 
withering. 


7 

7 

10 


It  was  also  found  that  flowers  in  which  the  stamens,  disk, 
pistil,  and  receptacle  only  were  left,  consumed  more  oxygen 
than  those  that  had  floral  envelopes,  as  is  shown  by  the  fol- 
lowing table :  — 
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Species. 

Duration 

Oxygen  destroyed. 

of  the 
Experiment. 

By  the  flowers  entire. 

By  the  usual  organs 
only. 

Cheiranthus  incanus 
TropEBolum  majus 
Cuciirbita  maxima, 

male 
Hypericum  calycinum 
Hibiscus  speciosus 
Cobaea  scandens 

24  hours. 

24 

10 
24 
12 

24 

1 1  -5  times  their  vol. 
8-5 

7-6 
7-5 
5-4 
6-5 

18     times  their  vol. 
16-3 

160 
8-5 
6-3 
7-5 

And  it  is  here  to  be  noticed,  that  those  whose  sexual  ap- 
paratus destroyed  the  most  oxygen  have  the  greatest  quantity 
of  disk,  and  vice  versa ;  with  the  exception  of  Cobaea  scandens, 
in  which  the  disk  is  very  firm  and  persistent,  and  probably, 
therefore,  acts  very  slowly. 

When  the  cup-shaped  disk  of  the  male  flowers  of  the 
gourd  was  separated  from  the  anthers,  the  latter  only  con- 
sumed 1 1  '7  limes  their  volume  of  oxygen  in  the  same  space  of 
time  which  was  sufficient  for  the  destruction  of  sixteen  times 
their  volume  when  the  disk  remained.  The  spathe  of  Arum 
maculatum  consumed,  in  twenty-four  hours,  five  times  its 
volume  of  oxygen ;  the  termination  of  the  spadix  thirty  times  ; 
the  sexual  apparatus  13'2  times,  in  the  same  space  of  time. 

An  entire  Arum  dracunculus.  in  twenty-four  hours,  de- 
stroyed thirteen  times  its  volume  of  oxygen ;  without  its  spathe 
fifty-seven  times;  cut  into  four  pieces,  its  spathe  destroyed 
half  its  volume  of  oxygen  ;  the  terminal  appendix  twenty-six 
times;  the  male  organs  135  times ;  the  female  organs  ten  times. 

The  same  ingenious  observer  also  ascertained  that  double 
flowers,  that  is  to  say  those  whose  petals  replace  sexual 
organs,  vitiate  the  air  much  less  than  single  flowers,  in  which 
the  sexual  organs  are  perfect. 

Is  it  not  then,  concludes  Dunal,  probable  that  the  conse- 
quence of  all  these  phenomena  is  the  elaboration  of  a  matter 
destined  to  the  nutriment  of  the  sexual  organs?  since  the 
production  of  heat  and  the  destruction  of  oxygen  are  in  direct 
relation  to  the  abundance  of  glandular  surface,  and  since  these 
phenomena  arrive  at  their  maximum  of  intensity  at  the  exact 
period  when  the  anthei's  are  most  developed,  and  the  sexual 
organs  in  the  greatest  state  of  activity. 
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CHAPTER  VI. 

FERTILISATION. HYBRID    PLANTS. 

Having  alread}',  in  the  last  chapter,  explained  the  separate 
action  of  the  stamens  and  pistils,  I  shall  now  confine  myself 
to  the  consideration  of  their  physical  effect  upon  each  other. 

The  duty  of  the  stamens  is  to  produce  the  matter  called 
pollen,  which  has  the  power  of  fertilising  the  pistil  through 
its  stigma.  The  stamens  are,  therefore,  the  representatives  in 
plants  of  the  male  sex,  the  pistil  of  the  female  sex. 

The  old  philosophers,  in  tracing  analogies  between  plants  and 
animals,  were  led  to  attribute  sexes  to  the  former,  chiefly  in 
consequence  of  the  practice  among  their  countrymen  of 
artificially  fertilising  the  female  flowers  of  the  date  with 
those  which  they  considered  male,  and  also  from  the  existence 
of  a  similar  custom  with  regard  to  figs.  ,  This  opinion, 
however,  was  not  accompanied  by  any  distinct  idea  of  the 
respective  functions  of  particular  organs,  as  is  evident  from 
their  confounding  causes  so  essentially  different  as  fertilisation 
and  caprification  ;  nor  was  it  generally  applied,  although  Pliny, 
when  he  said  that  "  all  trees  and  herbs  are  furnished  with 
both  sexes,"  may  seem  to  contradict  this  statement;  at  least, 
he  pointed  out  no  particular  organ  in  which  they  resided. 
Nor  does  it  appear  that  more  distinct  evidence  existed  of  the 
universal  sexuality  of  vegetables  till  about  the  year  1676, 
when  it  was  for  the  first  time  clearly  pointed  out  by  Sir 
Thomas  Millington  and  Gi'ew.  Claims  are,  indeed,  laid  to 
a  priority  of  discovery  over  the  latter  observer  by  Caesalpinus, 
Malpighi,  and  others ;  but  there  is  nothing  so  precise  in  their 
works  as  we  find  in  the  declaration  of  Grew,  "  that  the  attire 
(meaning  stamens)  do  serve  as  the  male  for  the  generation  of 
the  seed."  It  would  not  be  consistent  with  the  plan  of  this 
work  to  enter  into  any  detailed  account  of  the  gradual 
advances  which   such  opinions  made  in  the  world,    nor  to 


CHAP.  VI.  FERTILISATION.  281 

trace  the  progress  of  discovery  of  the  precise  nature  of  the 
several  parts  of  the  stamens  and  pistil.  Suffice  it  to  say  that, 
in  the  hands  of  Linnaeus,  the  doctrine  of  the  sexuality  of  plants 
was  finally  established,  never  again  to  be  seriously  contro- 
verted; for  the  denial  of  this  fact,  which  has  been  since 
occasionally  made  by  a  few  men,  such  as  Alston,  Smellie,  and 
Schelver,  has  merely  exposed  the  weakness  of  such  hyper- 
critics.  We  know  that  the  powder  which  is  contained  in  the 
case  of  the  anthers,  and  which  is  called  pollen,  must  generally 
come  in  contact  with  the  viscid  surface  of  the  stigma,  or  no 
fecundation  can  take  place.  It  is  possible,  indeed,  without 
this  happening,  that  the  fruit  may  increase  in  size,  and  that 
the  seminal  integuments  may  even  be  greatly  developed ;  the 
elements  of  all  these  parts  existing  before  the  action  of  the 
pollen  can  take  effect :  but,  under  such  circumstances,  what- 
ever may  be  the  developement  of  either  the  pericarp  or  the 
seeds,  no  embryo  can  be  formed.  This  universality  of  sexes 
in  vegetables,  must  not,  however,  be  supposed  to  extend  further 
than  what  are  usually  called,  chiefly  from  that  circumstance, 
perfect  plants.  In  cryptogamic  plants,  beginning  with  ferns, 
and  proceeding  downwards  to  fvxngi,  there  are  either  no 
sexual  organs  whatever,  or  the  males  are  so  imperfectly  deve- 
loped as  to  be  invisible,  or  of  no  effect. 

In  order  to  ensure  the  certain  emission  of  the  pollen  at  the 
precise  period  when  it  is  required,  a  beautiful  contrivance  has 
been  prepared.  Purkinge  has  demonstrated  the  correctness  of 
Mirbel's  opinion  in  1808,  that  the  cause  of  the  dehiscence 
of  the  anther  is  its  lining,  consisting  of  cellular  tissue,  cut  into 
slits,  and  eminently  hygrometrical.  He  shows  that  this  lining 
is  composed  of  cellular  tissue,  chiefly  of  the  fibrous  kind, 
which  forms  an  infinite  multitude  of  little  springs,  that,  when 
dry,  contract  and  pull  back  the  valves  of  the  anthers,  by  a 
powerful  accumulation  of  forces,  which  are  individually 
scarcely  appreciable :  so  that  the  opening  of  the  anther  is  not 
a  mere  act  of  chance,  but  the  admirably  contrived  result 
of  the  maturity  of  the  pollen,  —  an  epoch  at  which  the  sur- 
rounding tissue  is  necessarily  exhausted  of  its  fluid  by  the 
force  of  endosmose  exercised  by  each  particular  grain  of  pollen. 

That   this  exhaustion  of  the  circumambient  tissue  by  the 
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endosmose  of  the  pollen  is  not  a  mere  hypothesis,  has  been 
shown  by  Mirbel  in  a  continuation  of  the  beautiful  memoir 
I  have  already  so  often  referred  to.  He  finds  that,  on  the 
one  hand,  a  great  abundance  of  fluid  is  directed  into  the 
utricles,  in  which  the  pollen  is  deVeloped,  a  little  before  the 
maturity  of  the  latter,  and  that,  by  a  dislocation  of  those 
utricles,  the  pollen  loses  all  organic  connection  with  the  lining 
of  the  anther ;  and  that,  on  the  other  hand,  these  utricles  are 
dried  up,  lacerated,  and  disorganised,  at  the  time  when  the 
pollen  has  acquired  its  full  developement. 

The  exact  mode  in  which  the  pollen  took  effect  was  for  a 
long  time  an  inscrutable  mystery.  It  was  generally  supposed 
that,  by  some  subtle  process,  a  material  vivifying  substance 
was  conducted  into  the  ovules  through  the  style ;  but  nothing 
certain  w^as  known  upon  the  subject  until  the  observations  of 
Amici  and  of  Adolphe  Brongniart  had  been  published.  It  is 
now  ascertained  that,  a  short  time  after  the  application  of 
the  pollen  to  the  stigma,  each  grain  of  the  former  emits  one 
or  more  tubes  of  extreme  tenuity,  not  exceeding  the  ISOOdth 
or  2000dth  of  an  inch  in  diameter,  which  piei'ce  the  conduct- 
ing tissue  of  the  stigma,  and  find  their  way  down  to  the 
region  of  the  placenta,  including  within  them  the  active  mole- 
cules found  in  the  grain.  Whether  or  not  the  pollen  tubes  ac- 
tually reach  the  ovules,  remains  to  be  proved.  No  one  has  ever 
seen  them  in  contact  after  the  pollen  tubes  have  arrived  at  the 
placenta ;  for  the  tubes  which  Brown  states  he  has  traced  into 
the  apertures  of  the  ovules  of  Orchis  Morio,  and  Peristylus 
(Habenaria)  viridis,  cannot  be  considered  an  instance  to  the 
contrai'y,  inasmuch  as  this  great  observer  admits  that  the  tubes 
in  those  plants  probably  do  not  proceed  from  the  pollen.* 

Be  this  as  it  may,  it  is  quite  certain  that  it  is  absolutely 
necessary  for  the  pollen  to  be  put  in  communication  with  the 
foramen  of  the  ovule,  through  the  intervention  of  the  con- 
ducting tissue  of  the  style.  In  ordinary  cases  this  is  easily 
effected,  in  consequence  of  the  foramen  being  actually  in 
contact  with  the  placenta.  Where  it  is  otherwise,  nature  has 
pi'ovided  some  curious  contrivances  for  bringing  about  the 
necessary  contact.     In  Euphorbia  Lathyris  the  apex  of  the 

*  See  Appendix. 
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nucleus  is  protruded  far  beyond  the  foramen,  so  as  to  lie 
within  a  kind  of  hood-like  expansion  of  the  placenta  :  in  all 
campulitropous  ovules  the  foramen  is  bent  downwards,  by  the 
unequal  growth  of  the  two  sides,  so  as  to  come  in  contact  with 
the  conducting  tissue  ;  and  in  Statice  Armeria,  Daphne  Lau- 
reola,  and  some  other  plants,  the  surface  of  the  conducting 
tissue  actually  elongates  and  stops  up  the  mouth  of  the 
ovule,  while  fertilisation  is  taking  effect.  Another  case,  pre- 
senting similar  apparent  difficulties,  occurs  in  Helianthemum. 
In  plants  of  that  genus  the  foramen  is  at  that  end  of  the 
ovule  which  is  most  remote  from  the  hilum;  and  although 
the  ovules  themselves  are  elevated  upon  cords  much  longer 
than  are  usually  met  with,  yet  there  is  no  obvio'us  means 
provided  for  their  coming  in  contact  with  any  part  through 
which  the  matter  projected  into  the  pollen-tubes  can  be  sup- 
posed to  descend.  It  has,  however,  been  ascertained  by 
Adolphe  Brongniart,  that,  at  the  time  when  the  stigma  is 
covered  with  pollen,  and  fertilisation  has  .taken  effect,  there  is 
a  bundle  of  threads,  originating  from  the  base  of  the  style, 
which  hang  down  in  the  cavity  of  the  ovary,  and,  floating 
there,  are  abundantly  sufficient  to  convey  the  influence  of 
the  pollen  to  the  points  of  the  nuclei.  So,  again,  in  Asclepi- 
adese.  In  this  tribe,  from  the  peculiar  conformation  of  the 
parts,  and  from  the  grains  of  pollen  being  all  shut  up  in  a 
sort  of  bag,  out  of  which  there  seemed  to  be  no  escape,  it  was 
supposed  that  such  plants  must  at  least  form  an  exception  to 
the  general  rule.  But  before  the  month  of  November,  1828, 
the  celebrated  Prussian  traveller  and  botanist,  Ehrenberg,  had 
discovered  that  the  grains  of  pollen  of  Asclepiadeee  acquire  a 
sort  of  tails,  which  are  all  directed  to  a  suture  of  their  sac  on 
the  side  next  the  stigma,  and  which  at  the  period  of  fertilis- 
ation are  lengthened  and  emitted ;  but  he  did  not  discover 
that  these  tails  are  only  formed  subsequently  to  the  commence- 
ment of  a  new  vital  action  connected  with  fertilisation,  and 
he  thought  that  they  were  of  a  different  nature  from  the  pol- 
len-tubes of  other  plants:  he  particularly  observed  in  Asclepias 
syriaca  that  the  tails  become  exceedingly  long  and  hang  down. 
In  1831,  the  subject  was  resumed  by  Brown  in  this  country, 
and  by  Adolphe  Brongniart  in  France,  at  times  so  neai-ly  identi- 
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cal  that  it  really  seems  to  me  impossible  to  say  with  which  the 
discovery  about  to  be  mentioned  originated  :  it  will  therefore 
be  only  justice  if  the  Essays  referred  to  are  spoken  of  collectively, 
instead  of  separately.  These  two  distinguished  botg,nists  as- 
certained that  the  production  of  tails  by  the  grains  of  the 
pollen  was  a  phenomenon  connected  with  the  action  of  fer- 
tilisation ;  they  confirmed  the  existence  of  the  suture  des- 
cribed by  Ehrenberg ;  they  found  that  the  true  stigma  of 
Asclepiadeae  is  at  the  lower  part  of  the  discoid  head  of  the 
style,  and  so  placed  as  to  be  within  reach  of  the  suture 
through  which  the  pollen  tubes  or  tails  are  emitted;  they 
remarked  that  the  latter  insinuated  themselves  below  the  head 
of  the  style,  and  followed  its  surface  until  they  reached  the 
stigma,  into  the  tissue  of  which  they  buried  themselves  so 
perceptibly,  that  they  were  enabled  to  trace  them,  occasionally, 
almost  into  the  cavity  of  the  ovarium  ;  and  thus  they  esta- 
blished the  highly  important  fact,  that  this  family,  which  was 
thought  to  be  one  of  those  in  which  it  was  impossible  to  sup- 
pose that  fertilisation  takes  place  by  actual  contact  between 
the  pollen  and  the  stigma,  offers  the  most  beautiful  of  all 
examples  of  the  exactness  of  the  theory,  that  it  is  at  least 
owing  to  the  projection  of  pollen- tubes  into  the  substance  of 
the  stigma.  In  the  more  essential  parts  these  two  observers 
are  agreed  :  they,  however,  differ  in  some  of  the  details,  as, 
for  instance,  in  the  texture  of  the  part  of  the  style  which  I 
have  here  called  stigma,  and  into  which  the  pollen-tubes  are 
introduced.  Brongniart  both  describes  and  figures  it  as 
much  more  lax  than  the  other  tissue ;  while,  on  the  other 
hand,  Brown  declares  that  he  has  in  no  case  been  able  to 
observe  "  the  slightest  appearance  of  secretion,  or  any  differ- 
ences whatever  in  texture  between  that  part  and  the  general 
surface  of  the  stigma"  (meaning  what  I  have  described  as 
the  discoid  head  of  the  style). 

It  would,  therefore,  seem  that  actual  contact  between  the 
pollen  and  the  stigma  is  indispensable  in  all  cases.  Orchi- 
deous  plants,  however,  offer  an  apparent  exception;  for  in 
them  nature  has,  on  the  one  hand,  provided  special  organs,  in 
the  form  of  the  stigmatic  gland  and  the  caudicle  of  the  pollen 
masses,  to  assist  in  the  act  of  fertilisation ;  and  on  the  other 
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has  taken  great  precautions  to  prevent  contact,  by  so  placing 
the  anther  that  it  is  next  to  impossible  for  the  pollen  to  touch 
the    stigma  until    the   energy    of    the    former    is    expended. 
Nevertheless,   it  is  represented  by  Adolphe  Brongniart,  in  a 
paper  read  before  the  Academy  of  Sciences  at  Paris,  in  July 
1831,  that  contact  is  as  necessary  in  these  plants  as  in  others, 
and  that,  in  the  emission  of  pollen-tubes,  they  do  not  differ 
fi-om  other  plants.     These  statements  have  been  followed  up 
by  Brown,  in  an  elaborate  essay  upon  the  subject,  in  which 
the  results  that  are  arrived  at  by  our  learned  countryman  are 
essentially  to  the  same  effect.     To  these  there  is  at  present 
nothing  equally  positive  to  oppose ;  but,  as  the  indirect  observ- 
ations of  Mr.  Bauer,  and  the  general  structure  of  the  order, 
are  much  at  variance  with  the  probability  of  actual  contact 
being  necessary,  and  especially  as  Brown  is  obliged  to  have 
recourse  to  the  supposition  that  the  pollen  of  many  of  these 
plants  must  be  actually  carried  by  insects  from  the  boxes  in 
which    it  is   naturally    locked  up,  it  must  be  considered,    I 
think,  that  the  mode  of  fertilisation  in  Orchideas  is  still  far 
from  being  determined.     I  must  particularly  remark  that  the 
very  problematical  agency  of   insects,   to  which   Brown  has 
recourse  in  order  to  make  out  his  case,  seems  to  be  singularly 
at  variance  with  his  supposition  that  the  insect  forms,  which 
in  Ophrys  are  so  striking,  and  which  he  says  resemble  the 
insects  of  the  countries  in  which  the  plants  are  found,   "  are 
intended  rather  to  repel  than  to  attract."     It  may  be  true,  as 
Brown  observes,  that  there  is  less  necessity  for  the  agency  of 
insects  in  such  flowers  as  the  European  Ophrydeae ;  but  what 
other  means  than  the  assistance  of  insects  can  be  supposed  to 
extricate  the  pollen  from  the  cells  in   the  insect  flowers   of 
Renanthera  Arachnites,  the  whole  genus  Oncidium,   Tetra- 
micra  rigida,    several    species    of  Epidendrum,    Cymbidium 
tenuifolium,  Vanda  peduncularis,  and  a  host  of  others.     Is  it 
not,  moreover,  possible  that  the  pollen  of  Orchideous  plants 
mav  partake  so  far  of  the  common  properties  of  that  form  of 
matter  as  to  be  capable  of  emitting  (imperfect  ?)  pollen  tubes 
when   brought  into  contact  with  the  necessary  stimulus,  al- 
though it  is  not  their  general  character  so  to  do,  and  although 
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they  have  the  power  of  parting  with  their  fertilising  principle 
in  another  manner. 

One  of  the  most  curious  consequences  of  the  presence  of 
sexes  in  plants  is  the  property  the  latter  consequently  possess 
of  producing  mules.  It  is  well  knoAvn  that,  in  the  animal 
kingdom,  if  the  male  and  female  of  two  distinct  species  of  the 
same  genus  breed  together,  the  result  is  an  offspring  inter- 
mediate in  character  between  its  parents,  but  uniform!}'  in- 
capable of  procreation  unless  with  one  of  its  parents ;  while 
the  progeny  of  varieties  of  the  same  species,  however  dis- 
similar in  habit,  feature,  or  general  characters,  is  in  all  cases 
as  fertile  as  the  parents  themselves.  A  law  very  similiar  to 
this  exists  in  the  vegetable  kingdom. 

Two  distinct  species  of  the  same  genus  will  often  together 
produce  an  offspring  intermediate  in  character  between  them- 
selves, and  capable  of  performing  all  its  vital  functions  as 
perfectly  as  either  parent,  with  the  exception  of  its  being 
unequal  to  perpetuating  itself  by  seed ;  or,  should  it  not  be 
absolutely  sterile,  it  will  become  so  in  the  second,  third,  or, 
very  rarely,  fourth  generation.  It  may,  however,  be  rendered 
fertile  by  the  application  of  the  pollen  of  either  of  its  parents ; 
in  which  case  its  off'spring  assumes  the  character  of  the  parent 
by  which  the  pollen  was  supplied.  This  power  of  hybridising 
appears  to  be  far  more  common  in  plants  than  in  animals ;  for, 
while  only  a  few  animal  mules  are  known,  there  is  scarcely 
a  genus  of  domesticated  plants  in  which  this  effect  cannot  be 
produced  by  the  assistance  of  man,  in  placing  the  pollen  of 
one  species  upon  the  stigma  of  another.  It  is,  however,  in 
general  only  between  nearly  allied  species  that  this  intercourse 
can  take  place ;  those  which  are  widely  different  in  structure 
and  constitution  not  being  capable  of  any  artificial  union. 
Thus  the  different  species  of  strawberry,  of  certain  tribes  of 
Pelargonium,  and  of  Cucurbitaceae,  intermix  with  the  greatest 
facility,  there  being  a  great  accordance  between  them  in 
general  structure  and  constitution  ;  but  no  one  has  ever  suc- 
ceeded in  compelling  the  pear  to  fertilise  the  apple,  nor  the 
gooseberry  the  currant.  And  as  species  that  are  very  dis- 
similar appear  to  have  some  natural  impediment  which  pre- 
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vents  their  reciprocal  fertilisation,  so  does  this  obstacle,  of 
whatever  nature  it  may  be,  in  general  present  an  insuperable 
bar  to  the  intercourse  of  different  genera.  All  the  stories 
that  are  current  as  to  the  intermixture  of  oranges  and  pome- 
granates, of  roses  and  black  currants,  and  the  like,  may,  there- 
fore be  set  down  to  pure  invention. 

It  is,  nevertheless,  undoubtedly  true  that  bigeners,  that  is  to 
say  mules  between  different  genera,  have  in  some  few  cases 
been  artificially  obtained.  Kiilreuter  obtained  such  between 
Malvaceous  plants ;  Gaertner,  between  Daturas  and  Henbane 
and  Tobacco ;  Wiegman,  between  a  Garden  Bean  and  a  Lentil ; 
and  there  ai-e  other  well-attested  cases.  But  all  such  produc- 
tions were  as  short-lived  and  sickly  as  they  were  monstrous. 

By  far  the  best  series  of  observations  that  has  been  instituted 
with  a  view  to  determine  the  laws  of  hybridism  was  that  of 
Kolreuter,  who,  about  the  year  \llb,  commenced  a  set  of 
experiments,  which  he  continued  to  prosecute  for  twenty 
years,  upon  species  of  the  genera  Digitalis,  Verbascum,  Sola- 
num,  Malva,  Linum,  Dianthus,  and  Mirabilis.  It  is  upon 
those  experiments,  combined  with  the  subsequent  experience 
of  others  and  my  own  observations,  that  the  foregoing  state- 
ment has  been  made. 

It  has,  nevertheless,  been  asserted  by  divers  experienced 
cultivators  of  the  present  day,  that  the  conclusions  drawn 
from  the  experiments  of  Kolreuter  have  been  too  hasty ;  and 
that,  if  they  apply  to  the  genera  that  were  the  special  subject 
of  the  attention  of  that  observer,  they  are  by  no  means  appli- 
cable to  plants  in  general.  It  has  been  urged,  in  proof  of  this 
statement,  that  many  different  species  of  African  Gladioli,  of 
Pelargonium,  of  South  American  Amaryllis,  of  Crinum,  of 
Triticum,  &c.,  breed  freely  together,  and  that  their  seedlings 
are  as  fertile  as  themselves. 

I  must  confess  that  these  instances  are  by  no  means  such  as 
to  shake  my  confidence  in  the  accuracy  of  the  laws  deduced 
from  Kiilreuter's  experiments.  In  the  first  place,  there  is  a 
degree  of  vagueness  and  looseness  in  the  cases  that  are 
specified,  which  is  particularly  striking  if  compared  with  the 
precision  with  which  Kolreuter's  experiments  were  conducted; 
secondly,  in  all  the  instances  above  mentioned,  which,  I  believe, 
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are  the  most  remaikable,  there  is  much  room  for  doubt 
whether  the  supposed  species  upon  which  the  argument  is 
founded  ai'e  any  thing  more  than  wild  varieties  of  each  other. 
The  African  Gladioh  are  known  to  intermix  freely ;  but 
Herbert,  in  his  account  of  them,  in  the  Horticultural  Trans- 
actions, vol.  iv.  p.  16.,  admits  that  he  cannot  speak  to  the 
power  of  their  mides  to  perpetuate  themselves  by  seed.  No 
botanist  can  fix  positive  characters  to  a  large  part  of  the 
reputed  species  of  Pelargonium,  or  to  the  South  American 
Amaryllises ;  many  of  the  supposed  species  of  Crinum  seem 
to  have  no  better  claim  to  be  so  considered  than  the  varieties 
that  might  be  picked  from  a  bed  of  tulips ;  and,  lastly,  the 
Tritica  caerulescens,  polonicum,  and  tomentosum,  upon  which 
Bellardi's  experiments  were  founded,  are  plants  with  the 
history  of  which  no  man  is  acquainted,  and  which,  in  all 
probability,  derive  their  origin  from  the  Triticum  aesti\aim, 
or  common  wheat. 

All,  I  think,  that  can  be  conceded  upon  this  subject  is,  that 
more  hybrid  plants  are  fertile  to  the  third  or  fourth  generation 
than  Kiilreuter  supposed,  and  that  the  degree  of  their  sterility 
will  depend  very  much  upon  the  degree  of  natural  relationship 
which  their  pai'ents  may  have  possessed.  That  they  will  all,  in 
time,  revert  to  one  or  other  of  their  parents,  or  become  abso- 
lutely barren,  there  can  be  no  doubt  whatever. 

Although  this  power  of  creating  mule  plants  that  are  fertile 
for  two  or  three  generations  incontestably  exists,  yet  in  wild 
nature  hybrid  varieties  are  far  from  common ;  or,  at  least,  there 
are  few  well-attested  instances  of  their  occurrence.  Among 
the  most  remarkable  cases,  are  the  Cistus  Ledon,  constantly 
produced  between  C.  monspessulanus  and  laurifolius;  and 
Cistus  longifolius,  between  C.  monspessulanus  and  populi- 
folius,  in  the  wood  of  Fontfroide,  near  Narbonne,  mentioned 
by  Bentham.  The  same  acute  botanist  ascertained  that  Saxi- 
fraga  luteopurpurea  of  Lapeyrouse,  and  S.  ambigua  of  De 
Candolle,  are  only  wild  accidental  hybrids  between  S.  are- 
tioides  and  calyciflora :  they  are  only  found  where  the  two 
parents  grow  together ;  but  there  they  form  a  suite  of  inter- 
mediate states  between  the  two.  Gentians,  having  a  similar 
origin,  have    also    been   remarked    upon    the    mountains    of 
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Europe;  and  altogether  about  forty  cases  of  wild  reputed 
species  have  been  collected  by  Schiede,  Lasch,  and  De  Can- 
dolle.  It  is  difficult  not  to  believe  that  a  great  number  of 
the  reputed  species  of  Salix,  Rosa,  Rubus,  and  other  intricate 
genera,  have  also  had  a  hybrid  origin. 

This,  as  De  Candolle  justly  observes,  is  an  answer  to  those 
who,  like  Linnaeus,  have  assumed  that  the  number  of  species 
of  organised  beings  has  been  constantly  augmenting,  since  the 
creation,  by  the  intermixture  of  diiferent  races.  All  the  ob- 
servations that  have  been  made  for  the  last  century  have  not 
produced  a  catalogue  of  50  certain  hybrids  in  a  wild  state. 

In  a  practical  point  of  view,  I  am  inclined  to  believe  that 
the  power  of  obtaining  mule  varieties  by  art  is  one  of  the  most 
important  means  that  man  possesses  of  modifying  the  works  of 
nature,  and  of  rendering  them  better  adapted  to  his  purposes. 
In  our  gardens  some  of  the  most  beautiful  flowers  have  such 
an  origin ;  as,  for  instance,  the  roses  obtained  between 
R.  indica  and  moschata,  the  diiferent  mule  Potentillae  and 
Cacti,  the  splendid  Azaleas  raised  between  A.  pontica  and 
A.  nudiflora  coccinea,  and  the  magnificent  American-Indian 
Rhododendrons.  Bj^  crossing  varieties  of  the  same  species,  the 
races  of  fruits  and  of  culinary  vegetables  have  been  brought 
to  a  state  as  nearlj'  approaching  perfection  as  we  can  sup- 
pose possible.  And  if  similar  improvements  have  not  taken 
place  in  a  more  miportant  department, — namely,  the  trees  that 
afford  us  timber,  —  experience  fully  warrants  the  belief  that, 
if  proper  means  were  adopted,  improved  varieties  of  as  much 
consequence  might  be  introduced  into  our  forests,  as  have 
already  been  created  for  our  gardens. 

It  is,  however,  to  be  regretted  that  those  who  occupy  them- 
selves with  experiments  of  this  kind  do  not  confine  them  to 
woody  or  perennial  plants  which  can  be  perpetuated  by  cut- 
tings. Mule  annuals  have  the  great  fault  of  perishing  almost 
as  soon  as  they  are  obtained,  and  they  serve  no  other  purpose 
than  that  of  encumbering  the  records  of  science  with  accounts 
of  plants  which,  from  their  transitory  existence,  can  never  be 
re-examined. 

In  conducting  experiments  of  this  kind,  it  is  well  to  know 
that,  in  general,  the  characters  of  the  male  parent  predomi- 
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nate  in  the  flowers  and  parts  of  fructification  ;  while  the  fohage 
and  o-eneral  constitution  are  chiefly  those  of  the  female  parent. 
Thus,  in  the  celebrated  mule  Rhododendron,  gained  by  Lord 
Carnarvon  by  fertilising  R.  Catawbiense  with  R.  arboreum, 
the  mule  variety  had  the  flowers  and  colour  of  R.  arboreum, 
but  more  the  leaves  and  hardiness  of  constitution  of  R.  Ca- 
tawbiense. The  same  circumstance  has  been  observed  in 
hybrid  Amaryllises,  Centaureas,  &c. 

The  cause  of  the  sterility  of  mule  plants  is  at  present  en- 
tirely unknown.  Sometimes,  indeed,  a  deficiency  of  pollen 
may  be  assigned ;  but  in  many  cases  there  is  no  perceptible 
difference  in  the  healthiness  of  structure  of  the  fertilising 
organs  of  a  male  plant  and  of  its  parents.  I  know  of  no 
person  who  has  attempted  to  prove  this  by  comparative 
anatomical  observations,  except  Professor  Henslow,  of  Cam- 
bridge ;  who,  in  an  excellent  paper  upon  a  hybrid  Digitalis, 
investigated  anatomically  the  condition  of  the  stamens  and 
pistil,  both  of  his  hybrid  and  its  two  parents,  with  great  care 
and  skill.  The  result  of  his  enquiry  was,  that  no  appreciable 
difference  could  be  detected. 
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OF    THE    FRUIT. 


The  fi'uit,  which  is  mechanically  destined  as  a  mere  protec- 
tion to  the  seed,  by  which  its  race  is  to  be  maintained,  is  also, 
next  to  the  wood,  the  most  important  part  in  the  productions 
of  vegetation.  It  constitutes  the  principal  part  of  the  food, 
especially  in  winter,  of  birds  and  small  animals  ;  it  is  often 
moi'e  ornamental  than  the  flowers  themselves,  and  it  con- 
tributes most  materially  to  the  necessities  and  luxuries  of 
mankind.  When  ripe,  it  falls  from  the  plant,  and,  borne  down 
by  its  weight,  lies  on  the  ground  at  the  foot  of  the  individual 
that  produced  it :  here  its  seeds  vegetate,  when  it  decays,  and  a 
crop  of  new  individuals  arises  from  the  base  of  the  old  one;  but, 
as  plants  produced  in  such  a  manner  would  soon  choke  and 
destroy  each  other,  nature  has  provided  a  multitude  of  ways 
for  their  greater  dispersion.  Many  are  carried  to  distant  spots 
by  the  animals  which  eat  them :  others,  provided  with  a  sort 
of  wings,  such  as  the  samai'a,  and  the  pappus  of  Compositae, 
fly  away  upon  the  wind  to  seek  a  distant  station :  others  scat- 
ter their  seeds  abroad  by  an  explosion  of  the  pericarp  caused 
by  a  sudden  contraction  of  the  tissue  ;  many,  falling  upon  the 
surface  of  streams,  are  carried  along  by  the  current;  while 
others  are  dispersed  by  a  variety  of  methods  which  it  would 
be  tedious  to  enumerate. 

The  fruit,  during  its  growth,  is  supported  at  the  expense 
of  the  sap  generally  :  but  most  especially  of  that  which  had 
been  previously  accumulated  for  its  maintenance.  This  is 
less  apparent  in  perennial  or  ligneous  plants  than  in  annual 
ones,  but  is  capable  of  demonstration  in  both.  Knight  has 
well  observed,  that  in  annual  fruit-bearing  plants,  such  as  the 
melon,  if  a  fruit  is  allowed  to  form  at  a  very  early  period  of 
the  life  of  the  plant,  as,  for  instance,  in  the  axil  of  the  third 
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leaf,  it  rarely  sets  or  arrives  at  maturity,  but  falls  off  soon 
after  beginning  to  swell,  from  want  of  an  accumulation  of 
food  for  its  support ;  while,  if  the  same  plant  is  not  allowed 
to  bear  fruit  until  it  has  provided  a  considerable  supply  of 
food,  as  will  be  the  case  after  the  leaves  are  fully  formed,  and 
have  been  some  little  time  in  action,  the  fruit  which  may  then 
set  swells  rapidly,  and  speedily  arrives  at  the  highest  degree 
of  perfection  of  which  it  may  be  susceptible.  And  in  woody 
trees,  also,  a  similar  phenomenon  occurs :  it  is  well  known  to 
gardeners,  that,  if  a  season  occurs  in  which  trees  in  a  state  of 
maturity  ai'e  prevented  bearing  their  usual  crops,  the  succeed- 
ing year  their  fruit  is  unusually  fine  and  abundant ;  owing  to 
their  having  a  whole  year's  extra  stock  of  accumidated  sap  to 
feed  upon. 

The  cause  of  the  fruit  attracting  food  from  surrounding 
parts  is  probably  to  be  sought  in  the  phenomenon  called  endos- 
mose.  All  the  sap  that  may  be  at  first  impelled  into  the  fruit  by 
the  action  of  vegetation,  not  being  able  to  find  an  exit,  collects 
within  the  fruit,  and,  in  consequence  of  evaporation,  becomes 
gradually  more  dense  than  that  in  the  surrounding  tissue  :  it 
will  then  begin  to  attract  to  itself  all  the  more  aqueous  fluid 
that  is  in  communication  with  it ;  and  the  impulse,  once  given 
in  this  way  to  the  concentration  of  the  sap  in  particular  points, 
will  continue  until  the  growth  of  the  fruit  is  completed,  and 
its  tissue  so  much  gorged  as  to  be  incapable  of  receiving 
any  more  food,  when  it  usually  falls  off. 

No  one  has  studied  the  effects  of  fruit  upon  the  atmosphere, 
and  the  nature  of  the  chemical  changes  it  undergoes,  with 
more  success  than  Theodore  de  Saussure  and  Berard,  an 
account  of  whose  discoveries  I  partly  translate  and  partly  con- 
dense from  De  Candolle.  According  to  the  first  of  these 
original  observers,  "  Fruits,  while  green,  whether  leafy  or 
fleshy,  act  much  as  leaves  either  in  the  sun  or  in  shade,  and 
differ  from  those  organs  principally  in  the  intensity  of  their 
action.  In  the  night  they  destroy  the  oxygen  of  their  atmos- 
phere, and  replace  it  with  carbonic  acid,  which  they  partially 
absoi'b  again.  This  absorption  is  generally  less  in  the  open 
air  than  under  a  receiver ;  and,  their  volume  remaining  the 
same,  they  consume  more  oxygen  in  darkness  when  distant 
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from  ripeness  than  when  they  are  approaching  that  state.  If 
exposed  to  the  sun,  they  disengage  akogether  or  in  part  the 
oxygen  which  they  inspired  during  the  night,  and  preserve  no 
trace  of  this  acid  in  their  own  atmosphere.  If  many  fruits  are 
detached  from  the  plant,  they  thus  add  oxygen  to  air  which 
contains  no  carbonic  acid.  When  their  vegetation  is  very 
feeble,  or  extremely  languid,  they  vitiate  the  air  under  all  cir- 
cumstances, but  less  in  the  sun  than  in  the  shade.  Green 
fruits  detached  from  a  plant,  and  exposed  successively  to  the 
action  of  the  sun  and  of  darkness,  change  it  but  little  or  not 
at  all  either  in  purity  or  in  volume.  The  trifling  variations 
that  may  be  remarked  in  this  respect  depend  either  upon  the 
greater  or  less  faculty  which  they  have  of  elaborating  carbonic 
acid,  or  in  their  composition,  which  is  modified  according  to 
the  degree  of  their  ripeness.  Thus  Grapes,  in  a  state  of  ver- 
juice, appear  to  assimilate  in  small  quantity  the  oxygen  of  the 
carbonic  acid  which  they  form  in  the  air  where  they  vegetate 
both  day  and  night ;  while,  on  the  contrary,  Grapes  nearly 
ripe  o-ive  back  almost  entirely  during  the  day  to  their  own 
atmosphere  the  oxygen  of  the  carbonic  acid  they  have  formed 
in  darkness.  If  there  is  no  deception  in  this  circumstance, 
which,  although  feeble,  appears  to  have  been  constant,  it 
marks  the  passage  from  the  acid  to  the  sweet  state  by  indi- 
cating that  the  acidity  of  verjuice  depends  upon  the  fixing  of 
the  oxygen  of  the  air,  and  that  this  acidity  disappears  when 
the  fruit  no  longer  seeks  for  carbon  in  the  air  or  in  carbonic 
acid.  Green  fruits  decompose,  either  entirely  or  in  part,  not 
only  the  carbonic  acid  they  have  produced  during  the  night, 
but,  in  addition,  such  quantity  as  may  be  artificially  added  to 
their  atmosphere.  When  this  last  experiment  is  tried  with 
fruits  which  are  not  watery,  and  which,  like  Apples  and 
Grapes,  elaborate  but  slowly  carbonic  acid,  one  sees  that  they 
absorb  in  the  sun  a  much  larger  proportion  of  gas  than  the 
same  volume  of  water  in  a  similar  mixture ;  afterwards  they 
diseno-ao"e  the  oxvsen  of  the  carbonic  acid  absorbed,  and  thus 
appear  to  elaborate  it  in  their  interior. 

"  They  appropriate  to  themselves  during  their  vegetation 
both  oxygen  and  water,  compelling  the  latter  to  lose  its  liquid 
state. 
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"  Tliese  results  are  often  not  observable  in  volumes  of  air 
less  than  from  30  to  40  times  that  of  the  volume  of  the  fruit, 
and  by  diminishing  the  heating  power  of  the  sun.  If  such 
precautions  are  neglected,  many  fruits  will  vitiate  the  air  even 
in  the  sun  by  forming  carbonic  acid  with  the  ambient  oxygen; 
but,  even  in  the  latter  case,  the  simple  comparison  of  their 
effect  in  light,  with  what  they  produce  under  the  influence  of 
night  and  darkness,  demonstrates  that  they  decompose  car- 
bonic acid." 

In  ripening,  fruits  undergo  some  remarkable  alterations, 
which  have  been  extremely  well  explained  by  De  Candolle 
in  his  condensations  of  Berard's  observations  :  — 

"  If  we  examine  the  modifications  which  the  flesh  of  fruits 
undergoes  in  ripening,  we  shall  at  first  remark  that  their 
fibrous  or  cellular  tissue  (which  varies  very  much  in  quantity 
in  different  species)'  is  merely  lignine  :  in  most  cases,  espe- 
cially in  very  fleshy  fruits,  lighter,  less  tough,  and  more  easily 
soluble  in  alkaline  solutions  than  common  lignine ;  but  pre- 
senting characters  of  an  opposite  kind  in  other  parts  of  the 
same  fruit,  such  as  their  stones. 

"  The  liquid  which  fills  the  flesh  of  succulent  pericarps  con- 
sists of  sap  placed  in  the  intercellular  passages  and  of  the 
matter  contained  in  the  cells.  This  liquid  of  the  flesh,  or  of 
the  fleshy  endocarp,  contains,  besides  a  great  quantity  of 
water,  sugar,  gum,  malic  acid,  malate  of  lime,  colouring 
matter,  a  peculiar  vegeto-animal  substance,  and  an  aromatic 
secretion  proper  to  each  fruit :  there  is,  moreover,  in  certain 
cases,  the  tartrates  both  of  potash  and  of  lime,  as  in  Grapes ; 
and  citric  acid  in  the  Lemon,  and  even  in  small  quantity 
in  the  Gooseberry."  Berard  could  find  no  trace  of  starch  in 
watery  fruits,  such  as  Cherries,  Plums,  Peaches,  Currants, 
Grapes,  nor  even  in  Pears  and  Apples,  although  it  has  been 
said  to  exist  in  them. 

"  A  comparison  of  the  analysis  of  certain  fruits,  before  they 
are  ripe  and  at  that  period,  gives  some  curious  results.  In 
the  first  place  there  is  a  disappearance  of  water  in  a  liquid 
state,  viz.,  per  cent, — 
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"  Water  before 

Water  at 

ripeness. 

ripeness. 

"  Apricots 

• 

89-39 

74-87 

Currants 

•                     • 

86-41 

81-10 

Duke  Cherries 

• 

88-28 

74-85 

Green  Gages     . 

•                     • 

74-87 

71-10 

Melting  Peaches     . 

• 

90-31 

80-24 

Jargonelle  Pears  . 

•                • 

86-28 

83-88 
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6-64 

16-48 

0-52 

6-24 

1-12 

18-12 

17-71 

24-81 

0-63 

11-61 

6-45 

11-52 

"  This  diminution  appears  to  depend  in  part  upon  the  fruit 
absorbing  less  water  as  it  approaches  maturity,  and  in  part 
upon  the  combination  with  its  tissue  of  a  portion  of  the  water 
it  has  received.  Sugar,  on  the  contrary,  appears  to  be  con- 
tinually on  the   increase,  as  indeed  the  taste  would  tell  us ; 

thus  we  find,  per  cent., — 

"  Green.  Ripe. 

"  Apricots  (a  trace  when 

young,  afterwards) 

Red  Currants 

Duke  Cherries 

Green  Gage  Plums 

Melting  Peaches 

Jargonelle  Pears     . 

"  This  sugar  is  sometimes  in  a  state  more  or  less  concrete, 
as  in  the  Grape,  the  Fig,  and  the  Peach;  sometimes  in  a 
liquid  state.  It  seems  to  be  formed  at  the  expense  of  other 
matters,  the  proportion  of  which  diminishes.  Thus  the  quan- 
tity of  lignine  per  cent,  is  found  — 

"  Apricots         .... 
Currants  (including  the  seeds) 
Duke  Cherries 
Green  Gage  Plums 
Melting  Peaches 
Jargonelle  Pears 
"  It  is  possible,  indeed,  that  the  lignine  formed  in  the  green 
fruit  does  not  in  reality  diminish,  but  that  the   dilatation  of 
the  cellular  tissue,  and  consequently  the  augmentation  of  the 
aqueous  products,  renders  it  proportionably  less,  without  its 
being  absolutely  so.     But  the  gummy,  mucilaginous,  or  gela- 
tinous matters,  appear  very  susceptible  of  changing  into  sugar; 
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"  Green. 

Ripe. 

3-61 

1-86 

8-45 

8-01 

2-44 

1-12 

1-26 

Ml 

3-01 

1-21 

3-80 

2-19 
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thus,  Couverchel  found  that,  if  we  treat  apple  jelly  with  a 
vegetable  acid  dissolved  in  water,  we  obtain  a  sugar  analogous 
to  that  of  Grapes ;  that  the  gum  of  Peas,  placed  with  oxalic 
acid,  in  a  temperature  of  1*25°  (Reaum.),  changed  to  sugar; 
that  gum  extracted  from  starch,  if  mixed  with  the  juice  of 
green  Grapes,  rendered  the  latter  saccharine ;  and  finally  that 
tartaric  acid  will  produce  the  same  effect  by  aid  of  heat :  this 
is  the  reason  why  most  fruits  become  sweet  when  cooked. 

"  Other  matters  offer  remarkable  disparities  between  one 
fruit  and  another:  thus  malic  acid  keeps  diminishing  in 
Apricots  and  Pears,  augmenting  in  Currants,  Cherries,  Plums, 
and  Peaches.  Gum  keeps  diminishing  in  Currants,  Cherries, 
Plums,  and  Pears,  and  augmenting  in  Apricots  and  Peaches. 
Animal  matter  keeps  diminishing  in  Apricots  and  Plums, 
and  increasing  in  Currants,  Peaches,  Cherries,  and  Pears» 
Lime,  which  never  exists  except  in  small  quantity,  seems 
generally  to  diminish,  probably  because  evaporation  becomes 
less  witli  maturity." 

"  After  the  period  which  is  generally  called  that  of  ripeness, 
most  fleshy  fruits  undergo  a  new  kind  of  alteration ;  their 
flesh  either  rots  or  blets.*  These  two  states  of  decomposition 
cannot,  according  to  Berard,  take  place  except  by  the  action 
of  the  oxygen  of  the  air,  although  he  admits  that  a  very  small 
quantity  only  is  sufficient  to  cause  it.  He  succeeded  in  pre- 
serving for  several  months,  with  little  alteration,  the  fleshy 
fruits  which  were  the  subjects  of  the  foregoing  experiments, 
by  placing  them  in  hydrogen  or  nitrogen  gases.  All  fruits 
at  this  extreme  period  of  their  duration,  whether  they  decay 
or  whether  they  blet,  form  carbonic  acid  with  their  own  car- 
bon and  the  oxygen  of  the  air,  and  moreover  disengage  from 
their  proper  substance  a  certain  quantity  of  carbonic  acid." 

"  Bietting  is  in  particular  a  special  alteration.  I  have  re- 
marked, in  another  place,  that  this  condition  is  not  well  cha- 
racterised in  any  other  fruits  than  those  of  Ebenaceae  and 
Pomaceae ;  that  both  these  natural  orders  agree  in  having 
the  calyx  adherent  to  the  ovary,  and  that  their  fruits  are  austere 

*  May  1  be  forgiven  for  coining  a  word  to  express  that  peculiar  bruised 
appearance  in  some  fruits,  called  blessi  by  the  French,  for  which  we  have 
no  equivalent  English  expression  ? 
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before  ripening.  It  would  even  seem,  from  the  fruits  of 
Diospyros,  the  Sorb,  and  the  Medlar,  that  the  more  austere  a 
fruit  is,  the  more  it  is  capable  of  bletting  regularly. 

"  It  has  been  found  that  a  Jargonelle  Pear,  in  passing  to 
this  state,  loses  a  great  deal  of  water  (8*88  reduced  to 
62'73),  pretty  much  sugar  (11'52  reduced  to  8*77),  and  a 
little  lignine  (2- 19  reduced  to  1*85) ;  but  acquires  rather 
more  malic  acid,  gum,  and  animal  matter.  Lignine,  in  par- 
ticular, seems  in  this  kind  of  alteration  to  undergo  a  change 
analogous  to  that  of  wood  in  decay." 

The  foregoing  experiments  have  led  to  the  discovery  that 
fruits,  which  do  not  require  to  remain  on  the  tree,  may  be  pre- 
served for  some  time,  and  thus  the  pleasure  they  afford  us 
prolonged.  The  most  simple  process  consists  in  placing,  at 
the  bottom  of  a  bottle,  a  paste  formed  of  lime,  sulphate  of 
iron,  and  water,  and  afterwards  introducing  the  fruit,  it 
having  been  pulled  a  few  days  before  it  would  have  been  ripe. 
Such  fruits  are  to  be  kept  from  the  bottom  of  the  bottle,  and, 
as  much  as  possible  from  each  other ;  and  the  bottle  to  be 
closed  by  a  cork  and  cement.  The  fruits  are  thus  placed  in 
an  atmosphere  free  from  oxygen,  and  may  be  preserved  for  a 
longer  or  shorter  time,  according  to  their  nature:  peaches, 
prunes,  and  apricots,  from  twenty  days  to  a  month;  pears 
and  apples  for  three  months.  If  they  are  withdrawn  after 
this  time,  and  exposed  to  the  air,  they  ripen  extremely  well ; 
but,  if  the  times  mentioned  are  much  exceeded,  they  undergo 
a  particular  alteration,  and  will  not  ripen  at  all. 
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OF    THE    SEED. 


The  action  of  the  seed  is  confined  to  that  phenomenon  which 
occurs  when  the  embryo  that  the  seed  contains  is  first  called 
into  life,  and  which  is  named  germination. 

If  seeds  are  sown  as  soon  as  they  are  gathered,  they  gene- 
rally vegetate,  at  the  latest,  in  the  ensuing  spring ;  but,  if  they 
are  dried  first,  it  often  happens  that  they  will  lie  a  whole  year 
or  more  in  the  ground  without  altering.  This  character 
varies  extremely  in  different  species  :  the  power  of  preserving 
their  vitality  is  also  extremely  variable ;  some  will  retain  their 
germinating  powers  many  years,  in  any  latitude,  and  under 
almost  any  circumstances.  Melon  seeds  have  been  known  to 
grow  when  41  years  old,  Maize  30  years,  Rye  40  years,  the 
Sensitive  plant  60  years.  Kidney  Beans  100  years.  Clover 
will  come  up  from  soil  newly  brought  to  the  surface  of  the 
earth,  in  places  in  which  no  clover  had  been  previously 
known  to  grow  in  the  memory  of  man,  and  I  have  at  this 
moment  3  plants  of  Raspberries  before  me,  which  have  been 
raised  in  the  garden  of  the  Horticultural  Society  from  seeds 
taken  from  the  stomach  of  a  man,  whose  skeleton  was  found 
30  feet  below  the  surface  of  the  earth,  at  the  bottom  of  a 
barrov/  which  was  opened  near  Dorchester.  He  had  been 
buried  with  some  coins  of  the  Emperor  Hadrian,  and  it  is 
therefore  probable  that  the  seeds  were  sixteen  or  seventeen  hu7i- 
dred  years  old. 

The  chemical  action  of  seeds  has  been  admirably  explained 
by  De  Candolle,  from  whom  the  principal  part  of  what  follows 
is  borrowed,  with  the  addition  of  some  recent  observations  by 
Edwards  and  Colin. 

Water,  heat,  and  atmospheric  air  (or  at  least  oxygen)  are 
the  conditions  without  which  germination  cannot  take  place. 


CHAP.  VIII.  SEED.  299 

If  any  one  of  them  is  abstracted,  the  other  two  are  of  no  effect : 
it  is,  however,  doubtful  whether  it  ever  happens  in  nature, 
that  the  act  of  germination  takes  place  under  conditions  so 
simple  as  those  ;  it  is  usually  a  much  more  complicated  phe- 
nomenon. 

Water  is  the  asjent  to  which  we  are  most  in  the  habit  of 
assigning  the  power  of  causing  the  growth  of  seeds ;  to  air 
and  heat  they  are  generally  exposed  more  or  less,  and  it  is  by 
the  addition  of  water  that  the  two  latter  are  popularly  con- 
sidered to  be  brought  into  active  operation.  According  to 
De  Candolle,  it  is  a  general  property  of  seeds  to  absorb  during 
this  period  of  germination  more  than  their  own  weight  of 
water ;  but  no  regidar  proportions  have  been  remarked,  and 
it  is  probable  that  the  respective  power  of  different  seeds  de- 
pends upon  the  nature  of  the  matter  deposited  in  their  tissue. 
The  effect  of  water  may  be  supposed  to  be  that  of  softening 
the  tissue,  of  enabling  all  the  parts  to  distend,  and  of  dis- 
solving the  soluble  parts  so  as  to  render  them  fit  to  be  taken 
into  the  circulation  as  the  young  plant  becomes  capable  of 
absorbing  them. 

Boiled  or  distilled  water,  however,  is  not  capable  of  bring- 
ing about  the  germination  of  seeds,  provided  it  entirely  sur- 
rounds them ;  it  is  indispensable  that  oxygen  should  have 
ready  access  to  them.  Germination  in  fact  cannot  take  place 
in  vacuo  ;  nor  in  an  atmosphere  of  nitrogen,  or  hych'ogen,  and 
still  less  in  carbonic  acid ;  or  at  least,  if  in  this  latter  gas 
some  traces  of  germination  manifest  themselves,  they  rapidly 
disappear  :  it  can  only  occur  in  free  oxygen.  Of  this  but  a 
small  proportion  is  really  necessary ;  from  J  to  -V,  according 
to  different  observers.  But  1  part  of  oxygen  and  3  of 
nitrogen  are  the  proportions  which  seem  to  be  the  most  fa- 
vourable, and  this  is  not  very  different  from  the  proportions 
in  atmospheric  air ;  viz.  1  of  oxygen  and  4  of  nitrogen.  A 
too  large  dose  of  oxygen  weakens  the  young  plant  by  ab- 
stracting its  carbon  too  rapidly. 

Experiments  show  that  the  oxygen  is  not  absorbed  by  the 
seed,  but  combines  with  its  carbon,  forming  carbonic  acid,  which 
is  thrown  off.  When  a  seed  ripens,  a  considerable  quantity  of 
carbon  is  stored  up  in  its  tissue,  apparently  for  the  jjurpose  of 
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enabling  it  to  "preserve  the  unalterability"  to  which  its  pre- 
servation is  owing.  This  superfluous  carbon  renders  it 
scarcely  soluble  in  water.  To  enable  the  parts  to  be  suffi- 
ciently moistened,  it  is  consequently  necessary  that  the  seed 
shovild  be  decarbonized  by  the  oxygen  of  the  air.  This  ex- 
plains why  Peas  scarcely  ripe  will  germinate  much  more 
rapidly  than  those  which  are  fully  matured ;  the  former  con- 
tain more  pure  water  and  less  carbon.  In  fact,  the  effect  of  the 
abstraction  by  oxygen  of  the  fixed  carbon  is  to  bring  back  the 
seed  to  the  state  in  which  it  was  before  it  was  provided  with  the 
means  of  remaining  unchanged  in  a  torpid  state.  The  sweet 
taste  of  germinating  barley  is,  in  reality,  what  the  seeds  pos- 
sessed befoi'e  they  were  finally  hardened.  The  destruction  of 
the  oxygen  of  the  air  by  the  carbon  of  the  seed  produces  a 
sensible  heat  in  germination,  just  as  a  similar  cause  produces 
a  similar  effect  in  flowers  when  the  foecula  of  their  disk  is 
converted  into  sugar  (see  p.  276.).  Hence  the  heat  of  masses 
of  Barley  which  are  made  to  germinate  in  darkness  in  order 
to  become  malt.  And  it  can  scarcely  be  doubted,  that  the 
change  of  the  starch  of  that  grain  into  sugar  is  chemically 
owing  to  the  abstraction  of  a  proportion  of  its  carbon  and  the 
addition  of  some  other  proportion  of  oxygen. 

In  the  opinion  of  some  persons,  oxygen  also  acts  as  a  stimu- 
lant of  the  vital  actions  of  the  embryo.  Humboldt  remarked 
that  seeds  plunged  in  chlorine,  and  taken  out  before  the 
radicle  appears  externally,  germinate  more  rapidly  than 
ordinary;  Cress,  for  instance,  may  thus  be  made  to  germinate 
in  6  hours  instead  of  24  or  30.  He  even  succeeded,  by  this 
process,  in  bringing  about  germination  in  old  seeds  which  ap- 
peared destitute  of  the  power.  These  experiments  have  not, 
however,  succeeded  in  all  hands  :  in  many  cases  it  is  possible 
that  the  success  that  is  said  to  have  attended  them  has  been 
imaginary ;  and,  as  the  theory  upon  which  the  action  of  chlo- 
rine was  explained  is  now  abandoned,  one  cannot  avoid  en- 
tertainino;  doubts  as  to  the  accuracv  of  the  alleged  facts. 

Heat  it  is  in  which  the  stimulus  necessary  to  call  the 
vitality  of  seeds  into  action  seems  really  to  reside.  No  seed  can 
germinate  at  a  temperature  so  low  as  that  of  freezing ;  and 
each  seems  to  have  some  one  temperature  more  proper  for  it 
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than  any  other  at  the  first  dawn  of  its  hfe.  If,  says  De 
Candolle,  the  temperature  is  too  high,  germination  proceeds 
too  rapidly,  and  the  result  is  weak  and  languishing  plants, 
in  which  we  cannot  avoid  recognising  beings  too  much  excited 
and  badly  nourished.  If  the  temperature  is  too  low,  the  ex- 
citement is  not  sufficient,  and  it  often  happens  that  the  seed 
cannot  resist  the  decay  induced  by  the  water  it  has  absorbed 
but  not  assimilated.  It  is  between  these  limits  that  a  suitable 
temperature  for  every  species  is  to  be  sought. 

Edwards  and  Colin  have  instituted  some  experiments  to 
determine  what  temperature  seeds  can  bear.  They  found  that 
Wheat,  Barley,  and  Rye  could  germinate  at  7°  Cent. 
44''6  Fahr.) ;  and  that  grain  of  the  same  description  did  not 
apparently  suffer  by  being  exposed  for  a  quarter  of  an  hour 
to  a  temperature  equal  to  freezing  mercury  :  such  grains  were 
afterwards  placed  in  a  proper  situation,  and  germination  took 
place  as  usual.  Considering  that  the  particles  of  foecula  of 
which  seeds  consist  are  not  liable  to  bursting  below  a  tem- 
pei'ature  of  75°  Cent.  (167°  Fahr.),  these  observers  were  led 
to  ascertain  how  near  an  approach  to  this  extreme  tempera- 
ture might  be  made  without  destroying  vegetable  life.  Seeds  of 
various  cereal  and  leguminous  plants  were  placed  for  a  quarter  of 
an  hour  in  water  of  this  temperature,  and  they  were  all  killed ; 
five  minutes  were  afterwards  ascertained  to  suffice  for  the  de- 
struction of  three  in  five.  Less  elevated  temperatures  were  next 
experimented  on  :  Wheat,  Barley,  Kidney  Beans,  and  Flax 
were  killed  in  27^  minutes  by  water  at  62°  Cent.  (143°6  Fahr.) 
a  few  grains  of  Rye  and  some  Beans  required  a  longer  expo- 
sure to  be  destroyed.  When  the  temperature  was  lowered  to 
52°  Cent.  (125°6  Fahr.)  most  of  the  seeds  in  experiment  re- 
tained their  vitality;  but  even  this  was  fatal  to  Barley, 
Kidney  Beans,  and  Flax. 

Fluid  water  has  conducting  powers  very  different  from  those 
of  vapour  or  of  dry  air ;  it  was  thereupon  important  to  deter- 
mine Avhether  the  temperature  that  seeds  can  bear  is  regulated 
by  the  nature  of  the  medium  in  which  they  are  exposed  to  it. 
In  vapour  75°  Cent.  (167°  Fahr.)  were  sufficient  to  destroy 
such  seeds  as  were  exposed,  but  at  62°  Cent.  (143°6  Fahr.) 
they  retained  their  vitality  after  having  been  under  experiment 
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for  a  quarter  of  an  hour.  But  in  dry  air  many  seeds  bore  the 
temperature  of  75  "^  Cent.  (167°  Fahr.)  for  a  quarter  of  an 
hour  without  inconvenience.  Hence  it  appears  that  seeds  in 
steam  can  bear  12°  Cent,  more  than  in  water,  and  in  dry  air 
13°  Cent,  more  than  in  steam. 

In  these  experiments  the  action  of  temperature  was  ex- 
tremely rapid.  In  lowering  the  temperature  and  prolong- 
ing its  action,  it  was  found  that  when  Wheat,  Rye,  and 
Barley  were  exposed  for  three  days  on  water  to  a  tempera- 
ture of  35°  Cent.  (95°  Fahr.),  four-fifths  of  the  Wheat 
and  Rye,  and  all  the  Barley,  were  killed.  Hence  it  would 
appear  that  35°  Cent,  form  the  highest  limit  of  temperature 
which  corn  can  bear  under  such  circumstances.  But  in  sand 
or  earth  the  same  grains  sustained  a  prolonged  temperature  of 
40°  Cent.  (104°  Fahr.)  without  inconvenience;  at  45°  Cent. 
(113°  Fahr.)  a  great  part  perished ;  at  50°  Cent.  (122°  Fahr.) 
the  whole  of  them. 

These  remarkable  experiments  are  calculated  to  throw 
great  light  upon  the  cause  of  the  impossibility  of  making- 
certain  plants  multiply  themselves  by  seeds  in  hot  countries. 
If  Wheat,  Barley,  &c.,  cannot  endure  a  prolonged  tempera- 
ture above  40°  Cent.,  and  the  temperature  of  the  soil  is  in 
some  countries  and  soils  as  high  as  60°  Cent.  (140°  Fahr.),  as 
Humboldt  asserts,  or  between  48°  and  53°  Cent.  (122°  Fahr.), 
even  in  some  parts  of  France,  as  Arago  states, — it  is  evident 
that  the  seeds  of  corn  placed  in  such  situations  will  perish. 

Exposed  to  the  influence  of  water,  heat  and  air,  the  parts 
of  a  seed  soften  and  distend ;  the  embryo  swells  and  bursts  its 
envelopes,  extending  the  neck  and  the  bases  of  the  cotyledons, 
and  finally  emitting  its  radicle,  which  pierces  the  earth,  de- 
riving its  support  at  first  from  the  cotyledons  or  albumen,  but 
subsequently  absorbing  nutriment  from  the  soil,  and  commu- 
nicating it  upwards  to  the  young  plant.  The  manner  in  which 
the  embryo  clears  itself  from  its  integuments  differs  in  various 
species :  sometimes  it  dilates  equally  in  all  directions,  and 
bursts  through  its  coat,  which  thus  becomes  ruptured  in  every 
direction ;  more  frequently  the  radicle  passes  out  at  the  hilum, 
or  near  it,  or  at  a  point  apparently  provided  by  naturae  for 
that  purpose,  as  in  Canna,  Commelina,  &:c.      If  the  radicle 
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has  a  coleorhiza  or  rootsheath,  this  is  soon  perforated  by  the 
radicle  contained  witliin  it,  which  passes  through  the  ex- 
tremity; as  in  grasses,  and  most  monocotyledonous  plants. 
The  cotyledons  either  remain  under  ground,  sending  up  their 
plumule  from  the  centre,  as  in  the  oak ;  or  from  the  side  of 
their  elongated  neck,  as  in  monocotyledons;  or  they  rise 
above  the  grovmd,  acquire  a  green  colour,  and  perform  the 
ordinary  functions  of  leaves,  as  in  the  radish  and  most  plants. 
In  the  Mangrove,  germination  takes  place  in  the  pericarp 
before  the  seed  falls  from  the  tree ;  a  long  thread-like  radicle 
is  emitted,  which  elongates  till  it  reaches  the  soft  mud  in  wliich 
such  trees  usually  grow,  where  it  speedily  strikes  root,  and 
separates  from  its  parent.  Trapa  natans  has  two  very  unequal 
cotyledons  ;  of  these,  the  larger  sends  out  a  very  long  petiole, 
to  the  extremity  of  which  are  attached  the  radicle,  the  plu- 
mule, and  the  smaller  cotyledon  (Mirbel).  Cyclamen 
germinates  like  a  monocotyledon  :  its  single  cotyledon  does 
not  quit  the  seed  till  the  end  of  germination ;  and  its  radicle 
thickens  into  a  fleshy  knob,  which  roots  from  its  base  (Mirbel). 
The  Cuscuta,  which  has  no  cotyledons,  strikes  root  downwards, 
and  lengthens  upwards,  clinging  to  any  thing  near  it,  and 
performing  all  the  functions  of  a  plant  without  either  leaves 
or  green  colour.  In  monocotyledons  the  cotyledon  always 
remains  within  the  seminal  integuments ;  wliile  its  base 
lengthens  and  emits  a  plumule.  In  Cycas,  which  has  two 
cotyledons,  the  seminal  integuments  open,  and  the  radicle 
escapes. 

It  has  already  been  seen  that  under  certain  circumstances  the 
vitality  of  seeds  may  be  preserved  for  a  very  considerable 
length  of  time ;  but  it  is  difficult  to  say  what  are  the  exact 
conditions  under  which  this  is  effected.  We  learn  from  experi- 
ment that  seeds  will  not  germinate  if  placed  in  vaciw^  or  in  an 
atmosphere  of  hydrogen,  nitrogen,  or  carbonic  acid;  but  no 
such  conditions  exist  in  nature,  and,  therefore,  it  cannot  be 
they  which  have  occasionally  preserved  vegetable  vitality  in  the 
embryo  plant  for  many  years.  Perhaps  the  following  remarks, 
in  a  work  lately  published  by  the  Society  for  the  Diffusion  of 
Useful  Knowledge,  may  throw  some  light  upon  the  subject :  — 

"  It  may,  upon  the  whole,  be  inferred  from  the  duration  of 
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seeds  buried  in  the  earth,  and  from  other  circumstances,  that 
the  principal  conditions  are,  1.  uniform  temperature ;  2  mo- 
derate dryness ;  and  3.  exclusion  of  light.  And  it  will  be 
found  tliat  the  success  with  which  seeds  are  transported  from 
foreign  countries  in  a  living  state  is  in  proportion  to  the  care 
and  skill  with  which  these  conditions  are  preserved.  For 
example,  seeds  brought  from  India,  round  the  Cape  of  Good 
Hope,  rarely  vegetate  freely :  in  this  case  the  double  expo- 
sure to  the  heat  of  the  equator,  and  the  subsequent  arrival  of 
the  seeds  in  cold  latitudes,  are  probably  the  causes  of  their 
death;  for  seeds  brought  overland  from  India,  and  therefore 
not  exposed  to  such  fluctuations  of  temperature,  generally 
succeed.  Others,  again,  which  cannot  be  conveyed  with 
certainty  if  exposed  to  the  air,  will  travel  in  safety  for 
many  months  if  buried  in  clay  rammed  hard  in  boxes :  in 
this  manner  only  can  the  seeds  of  the  Mango  be  brought 
alive  from  the  West  Indies ;  and  it  was  thus  the  principal  part 
of  the  Araucaria  Pines,  now  in  England,  were  transported 
from  Chile.  It  may  therefore  be  well  worth  consideration 
whether,  by  some  artificial  contrivance,  in  which  these  prin- 
ciples shall  be  kept  in  view,  it  may  not  be  possible  to  reduce 
to  something  like  certainty  the  preservation  of  seeds  in  long 
voyages.  Such,  for  instance,  as  by  surrounding  them  by 
many  layers  of  non-conducting  matter,  as  case  over  case  of 
wood ;  or  by  ramming  every  other  space  in  such  cases  with 
clay  in  a  dry  state.  These  means  seem  more  likely  to  answer 
their  end  than  the  usual  modes  of  putting  seeds  in  bottles, 
packing  them  in  charcoal,  or  surrounding  them  by  coats  of 
wax  —  all  of  which,  it  is  well  known,  are  absolutely  prejudi- 
cial, instead  of  beneficial,  to  the  seeds.  In  illustration  of  what 
we  have  recommended,  we  may  add  that  seeds  are  w^ell 
known  to  travel  best  in  their  own  pods,  or  pericarps ;  may 
we  not  suppose  that  their  vitality  is  preserved  in  such  in- 
stances by  the  non-conducting  quality  of  the  air  which  the 
cavities  of  the  fruit  contain  ?  " 
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CHAPTER  IX. 

OF    THE    FOOD    OF    PLANTS MANURE. 

The  principal  part  of  the  food  of  plants  is  derived  from  the 
earth,  and  is  introduced  into  their  system  through  the  roots. 
The  latter  are,  however,  incapable  of  absorbing  anything 
soHd ;  fluid  and  gaseous  matter  only  can  pass  through  their 
spongelets.  It  is,  perhaps,  exclusively  in  the  form  of  water 
that  the  nutritive  matter  of  the  soil  is  received  by  roots ;  not, 
however,  of  pure  water,  which  in  fact  does  not  exist  in  nature, 
but  of  water  holding:  various  solid  matters  in  solution,  the 
most  remarkable  and  abundant  of  which  are  silex,  lime,  and 
many  of  its  salts,  several  other  earths,  oxyde  of  iron,  and 
copper. 

These  substances,  however,  although  the}'  undoubtedly  each 
perform  their  allotted  part  in  the  economy  of  vegetation,  — 
consolidating  the  tissue,  hardening  the  cuticle,  or  assisting 
in  depriving  a  plant  of  organs  which  become  unhealthy  and 
worn  out,  —  cannot  be  altogether  considered  as  nutritive  mat- 
ter. There  are,  perhaps,  only  two  formes  of  matter,  which  can 
properly  be  called  nutritive ;  the  one  is  carbon,  the  other  water. 

Soil  in  its  natural  state  is  filled  with  the  remains  of  organic 
bodies,  which  decompose  and  become  converted  into  carbo- 
nic acid.  In  proportion  to  the  abundance  of  these  is  soil 
fertile.  Tlie  carbonic  acid,  thus  incessantly  forminor  below 
the  surface  of  the  earth,  enters  freely  into  the  roots ;  combining 
with  water  and  such  other  principles  as  may  already  have 
been  formed  there,  it  ascends  the  stem,  appai-ently  decompos- 
ing to  a  certain  extent  as  it  passes  along,  and  giving  its  oxygen 
to  the  spiral  vessels,  which  convey  it  into  other  parts  of  the 
system;  when  it  reaches  the  leaves,  it  liberates  its  oxygen 
completely,  and  leaves  its  carbon  to  combine  with  the 
tissue  of  vegetation,  or  to   enter  into  new  proportions  with 
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water,  atmospheric  air,  or  other  elements  that  it  finds  it- 
self in  contact  with  :  whence  proceed  the  gummy,  amylaceous, 
resinous,  oily,  and  other  products  peculiar  to  the  vegetable 
kingdom.  Upon  this  subject  it  has  been  observed  by  a  modern 
writer,  "  that  if  the  roots  of  a  plant  are  placed  in  a  close  vessel,  in 
distilled  water,  from  which  carbonic  acid  has  been  carefully  ex- 
pelled, the  plant  may  increase  a  little  in  size,  in  consequence  of 
the  decomposition  of  the  water  and  the  combination  of  its  ele- 
ments with  the  vegetable  system;  but  it  is  only  when  carbonic 
acid  is  added  that  tlie  plant  acquires  its  natural  vigour  and 
rate  of  growth.  But  if  a  plant  is  placed  in  solid  carbon,  and 
you  water  it  with  distilled  water,  it  might  as  well  be  planted 
in  powdered  glass,  vmtil  the  carbon  begins  to  combine  with 
the  oxygen  of  the  air,  and  to  form  carbonic  acid.  Sir  Hum- 
phrey Davy  placed  a  plant  of  Mint  in  water  mixed  with  carbon 
in  a  state  of  impalpable  powder,  and  he  found  that  not  a  par- 
ticle could  enter  the  roots.  If  we  look  to  the  effects  of 
manui'es,  we  shall  find  that  in  most  cases,  except  when  their 
object  is  to  alter  the  state  of  the  soil  mechanically,  or  to  act 
as  stimulants,  as  is  probably  the  case  with  sulphate  of  iron, 
their  energy  is  in  proportion  to  their  capability  of  forming 
carbonic  acid.  Yeast,  for  instance,  which  is  one  of  the  most 
active  manures  we  have,  is  so  from  possessing,  beyond  all 
other  substances,  the  power  of  exciting  fei'mentation,  and  thus 
of  causing  the  formation  of  carbonic  acid  among  the  vegetable 
matter  which  lies  buried  in  the  soil. 

"  While,  however,  all  experiments  combine  to  prove  that 
carbonic  acid  is  the  most  essential  of  the  elements  upon  which 
plants  are  nourished,  it  is  necessary  that  the  student  should 
be  aware  that  other  species  of  matter  are  constantly  taken 
into  the  system,  and  probably,  therefore,  contribute  to  their 
nutrition. 

"  Water  is  one  of  these.  Although  we  know  that  a  very 
lai'ge  proportion  of  all  the  water  absorbed  by  a  plant  is  lost 
again  by  evaporation,  yet  the  experiments  of  Theodore  de 
Saussure  have  shown  that  a  portion  of  it  is  actually  solidified. 
He  found  that  when  plants  are  grown  in  a  close  vessel,  in  an 
artificial  atmosphere,  containing  a  little  carbonic  acid,  the 
weight  which  the  plant  acquired  in  a  given  time  was  aug- 
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merited,  not  only  by  the  quantity  of  carbon  produced  by  the 
decomposition  of  carbonic  acid,  but  to  a  much  more  consider- 
able extent,  which  could  only  be  ascribed  to  its  having 
fixed  a  considerable  quantity  of  water;  thus  plants  of  the 
Periwinkle,  which,  in  a  vessel  without  carbonic  acid,  had  gained 
If  grain  from  water,  acquired  5t^o)  when  they  were  at  the  same 
time  able  to  procure  carbon.  The  same  excellent  observer 
has  computed,  that  if  we  calculate  with  the  utmost  care  all 
the  weight  which  a  plant  can  gain,  either  by  fixing  carbon,  or 
by  depositing  earthy,  saline,  alkaline,  and  metallic  matter 
which  it  borrows  from  the  soil,  or  by  respiring  oxygen,  or 
from  the  soluble  matter  of  soil,  we  shall  not  be  able  to  account 
for  more  than  a  twentieth  part  of  the  real  weight  of  such  a 
plant.  The  other  nine  teen-twentieths  must,  therefore,  be 
fixed  water.  Whatever  errors  thei-e  may  be  in  calculations 
of  this  nature,  there  cannot  be  a  doubt  that  they  are  correct 
to  so  considerable  an  extent  as  to  oblige  us  to  admit  that 
water  forms  a  considerable  part  of  the  solid  tissue  of  plants ; 
so  that  it  would  appear  that,  like  minerals,  plants  have  a  wa- 
ter of  crystallization  independently  of  their  water  of  vegetation. 

"  As  it  has  been  pretty  well  made  out  that  all  the  oxygen 
given  off  by  plants  is  produced  by  the  decomposition  of  car- 
bonic acid,  and  as  no  one  has  ever  been  able  to  detect  the 
emission  of  hydrogen  by  any  plants  except  Mushrooms,  it  is 
inferred  that,  if  the  water  which  is  consumed  by  plants  is  ever 
decomposed,  it  is  in  the  formation  of  the  various  secretions 
which  contain  more  oxygen  (acids),  or  more  hydrogen  (oils), 
than  water ;  but  as  the  greater  part  of  vegetable  substances, 
such  as  gum,  sugar,  fecula,  &c.,  contain  oxygen  and  hydrogen 
in  the  same  proportions  as  water,  it  can  hardly  be  doubted 
that  the  greater  part  is  undecomposed  and  simply  fixed. 

"  It  was  formerly  thought  that  nitrogen,  or  azote,  has  no- 
thing to  do  with  the  nutrition  of  plants,  and  that  in  those  cases 
where  it  was  met  with  it  was  merely  in  a  state  of  separation 
from  the  atmospheric  air  which  had  been  inhaled  and  depriv- 
ed of  its  oxygen  and  carbonic  acid.  But  its  constant  presence 
in  combination  with  the  tissue  of  Mushrooms  and  of  Crucife- 
rous plants,  in  gluten,  and  what  chemists  call  vegetable  albu- 
men, and  also  in  vegetable  alkalies,  seems  a  sufficiently  strong 
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proof  of  its  contributing,  in  some  way  or  other,  to  the  nutri- 
tion of  the  vegetable  system." 

Fixed  as  plants  are  to  the  soil,  deprived  of  volition,  and 
incapable  of  removing  their  highly  absorbent  roots  from  what 
is  hurtful  to  them,  except  with  extreme  sloA\Tiess,  it  appears 
scarcely  probable  that  they  should  have  any  power  of  select- 
ing their  food ;  on  the  contrary,  the  facility  with  which  they 
are  poisoned  would  seem  to  confirm  the  correctness  of  the 
usual  supposition.  But,  if  roots  are  made  to  grow  in 
coloured  infusions,  it  is  said  that  they  take  up  only  the  co- 
lourless parts,  leaving  the  coloured  behind ;  and  we  know  that 
if  an  apple  tree  is  planted  in  a  piece  of  ground  in  which  an- 
other apple  tree  has  been  grov/ing  many  years,  the  new  plant 
will  languish  and  become  unhealthy,  whatever  quantity  of 
manure,  that  is  of  new  food,  may  be  offered  to  its  roots.  This 
last  fact  is  accounted  for  upon  the  supposition  that  the  soil 
contains  some  peculiar  principles  which  are  necessary  to  the 
health  of  an  apple  tree,  and  that  the  old  tree,  having  selected 
for  its  own  consumption  all  that  the  soil  contained,  has  left 
none  behind  it  for  the  new  comer  ;  but  the  probability  is  that 
this  hypothesis  is  untenable,  and  that  the  fact  is  to  be  ex- 
plained upon  very  different  principles  (see  Chap.  X.).  It  has 
been,  however,  demonstrated  by  Daubeny  that  plants  have,  to 
a  certain  extent,  a  power  of  selection  by  their  roots.  He 
found  that  when  barley  was  watered  with  distilled  water,  con- 
taining in  every  two  gallons  two  ounces  of  nitrate  of  strontian, 
not  a  trace  of  that  earth  could  be  detected  in  the  ashes  of 
the  plants;  and  when  Lotus  tetragonolobus  was  treated  in  a 
similar  manner,  excepting  that  only  two  ounces  of  nitrate  of 
strontian  were  dissolved  in  ten  gallons  of  distilled  water, 
although  the  whole  of  that  quantity  was  expended  upon  them, 
a  minute  examination  demonstrated  that  the  stems  contained 
no  ti'ace  whatever  of  strontian,  although  a  small  portion  ap- 
peared to  be  present  in,  or  at  least  adherent  to,  the  roots.  By 
other  experiments  it  was  ascertained,  that  the  strontian  was 
not  in  these  cases  first  received  into  the  system,  and  afterwards 
rejected  through  the  roots ;  for  when  the  roots  of  a  Pelargonium 
were  divided  into  two  nearly  equal  bundles,  one  of  which 
had  its  extremity  immersed  in  a  glass  containing  a  weak  solu- 
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tion  of  nitrate  of  strontian,  the  other  in  one  containing  pure 
distilled  water,  after  the  lapse  of  a  week  the  water  in  the 
second  glass  was  tested,  but  no  strontian  could  be  discovered 
in  it,  although  a  single  grain  in  one  pint  would  have  been 
readily  detected.  Hence  it  appears,  "  that  plants  do  possess, 
to  a  certain  extent  at  least,  a  power  of  selection  by  their  roots, 
and  that  the  earthy  constituents  which  form  the  basis  of  their 
solid  parts  are  determined  as  to  quantity  by  some  primary 
law  of  nature,  although  their  amount  may  depend  upon  the 
more  or  less  abundant  supply  of  the  principles  presented  to 
them  from  without."  Linn.  Trans,  xvii.  266. 

It  must  be  obvious  that  the  exhaustion  of  soil  by  plants 
means  their  having  consumed  all  the  nutritive  particles  that 
it  contains.  Whether  this  means  all  particles  that  are  ca- 
pable of  forming  carbonic  acid,  is,  however,  not  so  certain : 
it  is  highly  probable  that  other  matters  are  equally  indispen- 
sable to  the  health  of  particular  plants  ;  as,  for  example,  of  corn. 
Corn  cannot  remain  in  health  unless  it  has  the  power  of  at- 
tracting fluid  silex  from  the  earth,  and  of  consolidating  it  in 
its  cuticle.  It  is  to  be  supposed  that  the  presence  of  alkaline 
principles  in  the  soil  is  necessary  to  render  the  siliceous  mat- 
ter soluble ;  therefore,  to  exhaust  a  soil  of  alkaline  principles 
would  be  to  render  it  unfit  for  the  support  of  corn ;  and,  con- 
sequently, alkaline  principles  may  be  considered  nutritive 
in  regard  to  corn  :  and  so  of  other  things. 

Hence  arises  the  very  complicated  nature  of  the  theory  of 
manures,  and  the  seeming  impossibility  of  reducing  it  to  any 
fixed  and  intelligible  laws.  Ignorant  as  we  are  of  most  of  the 
more  obscure  phenomena  that  are  attendant  upon  vegetable 
life,  unacquainted  with  the  action  of  a  large  proportion  of  the 
principles  that  the  chemist  discovers  among  the  tissue  of  plants, 
and  incapacitated  by  our  limited  means  of  observation  from 
watching  any  except  the  most  obvious  and  general  properties 
of  living  vegetable  matter,  we  cannot  expect,  in  such  a  state  of 
things,  to  arrive  at  any  precise  ideas  as  to  what  kind  of  food 
or  stimulants  exercises  the  most  energetic  and  wholesome  in- 
fluence upon  plants.  I  accordingly  feel  no  surprise  at  the 
statement  of  a  friend  of  mine,  well  known  alike  for  his  agri- 
cultural skill,  his  chemical  knowledge,  and   his   remarkable 
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good  sense,  "  that  chemistry  has  hardly  advanced  the  art  of 
agriculture  a  single  step,  but  that  the  latter  remains,  after  all 
the  investigations  of  the  chemists,  a  mere  empirical  art." 

All  that  chemistry  can  be  said  to  have  ascertained  with 
regard  to  the  general  properties  of  manures  amounts  to  this, 
that  those  are  the  best  which  part  with  carbonic  acid  most 
slowly  and  steadily.  If  carbonic  acid  is  at  first  evolved 
rapidly,  plants  become  gorged,  as  it  were,  and  are  stimulated ; 
and  if,  as  is  usual  in  such  cases,  the  carbonic  acid  is  afterwards 
liberated  very  slowly,  they  become  starved.  This  is  especially 
the  case  with  animal  matter.  But,  according  to  Payen,  the 
addition  of  animal  charcoal  to  such  matter  moderates  its  de- 
composition :  at  first  this  mixture  yields  but  little  carbonic 
acid;  but,  as  the  charcoal  becomes  saturated  with  the  pro- 
ducts furnished  by  the  alteration  of  the  decaying  matter,  the 
decomposition  of  the  latter  is  accelerated,  and  corresponds 
with  the  progress  of  vegetation. 

Those  who  wish  to  understand  the  modern  opinions  con- 
cerning the  action  of  manures  (properly  so  called)  should 
consult  De  Candolle's  "  Physiologic,"  p.  1278.,  and  some 
papers  by  Payen  in  the  "  Annales  des  Sciences  naturelles," 
vol.  XXX.,  8cc. 
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CHAPTER  X. 

OF  DIGESTION,   RESPIRATION,    AND  THE  PECULIAR  SECRETIONS 

OF    PLANTS. 

After  the  food  is  received  into  the  system  of  a  plant,  it  is 
gradually  conveyed  into  the  leaves,  where  it  becomes  decom- 
posed or  digested.  It  is  probable  that,  in  its  passage  through 
the  stem,  it  undergoes  some  kind  of  decomposition,  leaving 
a  portion  of  its  water  and  carbon  fixed  among  the  tissue;  but 
it  is  principally  in  the  leaves  that  it  is  altered.  By  the  time, 
however,  that  it  has  arrived  in  these  organs,  it  is  by  no  means 
in  the  same  state  as  when  it  entered  the  roots ;  but  it  becomes 
altered  in  its  nature,  and  in  its  specific  gravity,  by  the  addi- 
tion of  what  soluble  matter  it  meets  with  in  its  progress,  —  as 
has  been  proved  experimentally  by  Knight. 

The  alteration  that  the  fluids  of  plants  undergo  in  their 
leaves  appears  to  consist  in  parting  with  superfluous  water 
by  evaporation ;  in  decomposing  carbonic  acid ;  and  in  assi- 
milating the  various  matters  which  are  left  behind.  The 
causes  of  these  actions  are  believed  to  be  light,  and  the  atmo- 
spheric dryness  which  light  produces. 

According  to  De  Candolle,  it  is  lif^ht  alone  to  which  eva- 
poration  and  the  secretion  of  fluids  by  the  roots  are  to  be  as- 
signed. He  says,  "  If  you  select  three  plants  in  leaf,  of  the 
same  species,  of  the  same  size,  and  of  the  same  sti^ength,  and 
place  them  in  close  vessels,  one  in  total  darkness,  the  other  in 
the  diflnsed  light  of  day,  and  the  third  in  the  sunshine,  it  will 
be  found  that  the  first  pumps  up  very  little  water,  the  second 
much  more,  and  the  third  a  great  deal  more  than  either. 
These  results  vary  according  to  species  and  circumstances ; 
but  it  uniformly  happens  that  plants  in  the  sun  absoi'b  more 
than  those  in  diffused  light,  and  the  latter  more  than  those  in 
darkness  ;  the  last,  however,  pumping  up  something.  If,  again, 
we  take  three  similar  plants,  and,  preventing  their  absorption 
by  the  roots,  after  weighing  them  carefidly,  place  them  in 
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three  similar  situations,  we  shall  find  that  that  exposed  to  the 
sun  has  lost  a  great  quantity  of  water,  that  in  common  day- 
light a  less  amount,  and  that  which  was  in  total  darkness 
almost  nothing." 

It  is,  however,  to  be  supposed  that  light  is  in  these  cases 
the  remote,  rather  than  the  immediate  cause,  of  evaporation  : 
we  cannot  apply  solar  light  to  plants  without  heating  and 
rarefying  their  atmosphere,  and  it  is  the  comparative  dryness 
thus  produced  which  is  the  great  cause  of  evaporation  or  per- 
spii'ation.  It  is  a  well  known  fact  that  plants  perspire  in  a 
sitting  room,  the  air  of  which  is  constantly  dry,  but  which  is 
but  imperfectly  illuminated,  so  much  more  than  in  the  open 
air  exposed  to  the  direct  rays  of  the  sun,  that  it  is  impossible 
to  keep  many  kinds  of  plants  alive  in  such  a  situation. 

Light  is,  however,  to  all  appearance  the  exclusive  cause  of 
the  decomposition  of  carbonic  acid.  It  was  long  since  re- 
marked by  Priestley,  that  if  leaves  are  immersed  in  water,  and 
placed  in  the  sun,  they  part  with  oxygen.  Tliis  fact  has  been 
subsequently  demonstrated  by  a  great  nvimber  of  curious  ex- 
periments, to  be  found  in  the  works  of  Ingenhouz,  Saussure, 
Senebier,  and  others.  Saussure  found  that  plants  in  cloudy 
weather,  or  at  night,  inhaled  the  oxygen  of  the  surrounding 
atmosphere,  but  exhaled  cai'bonic  acid  if  they  continued  to 
remain  in  obscurity.  But,  as  soon  as  they  were  exposed  to 
the  rays  of  the  sun,  they  respired  the  oxygen  they  had  pre- 
viously inhaled,  in  about  the  same  quantity  as  they  received  it, 
and  with  great  rapidity.  Dr.  Gilly  found  that  grass  leaves 
exposed  to  the  sun  in  a  jar  for  four  hours  produced  the  fol- 
lowing effect :  — 


At  the  beginning  of  the  experiment 

there  Svere  in  the  jar :  — 
Of  nitrogen   -         -         -         10.507 
Of  carbonic  acid         -         -      5.7 
Of  oxygen     -         -         -  2.793 

19.000 


At  the  close  of  the  experiment  there 

were :  — 
Of  nitrogen   -         -         .         10.507 
Of  carbonic  acid         -         -        .37 
Ofoxvffen     ...  7.79 


18.667 


Heyne  tells  us  that  the  leaves  of  Bryophyllum  calycinum, 
in  India,  are  acid  in  the  morning,  tasteless  at  noon,  and  bitter 
in  the  evening ;  Link  himself  found  that  they  readily  stained 
litmus  paper  red  in  the  morning,  but  scarcely  produced  any 
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such  effect  at  noon.  The  same  phenomenon  is  said  also  to 
occur  in  other  plants,  as  Cacalia  ficoides,  Sempervivum 
arboreum,  &c.  This  stain  in  the  litmus  paper  could  not  have 
arisen  from  the  presence  of  carbonic  acid,  as  that  gas  will  not 
alter  blue  paper,  but  it  must  have  been  caused  by  the  oxygen 
inhaled  at  night.  "  If,"  says  De  Candolle,  "  two  plants  are 
exposed,  one  to  darkness  and  the  other  to  the  sun,  in  close 
vessels,  and  in  an  atmosphere  containing  a  known  quantity 
of  carbonic  acid,  and  are  removed  at  the  end  of  twelve  hours, 
we  shall  find  that  the  first  has  diminished  neither  the  quantity 
of  oxygen  nor  of  carbonic  acid ;  and  that  in  the  second,  on 
the  contrary,  the  quantity  of  carbonic  acid  has  diminished, 
while  the  quantity  of  free  oxygen  has  increased  in  the  same 
proportion.  Or  if  we  place  two  similar  plants  in  closed  vessels 
in  the  sun,  the  one  in  a  vessel  containing  no  carbonic  acid,  and 
the  other  in  air  which  contains  a  known  quantity  of  it,  we  shall 
find  that  the  air  in  the  first  vessel  has  undergone  no  change, 
while  that  in  the  second  will  indicate  an  increase  of  oxygen 
proportioned  to  the  quantity  of  carbonic  acid  which  has  dis- 
appeai'ed ;  and,  if  the  experiment  is  conducted  with  sufficient 
care,  we  shall  discover  that  the  plant  in  question  has  gained  a 
proportionable  quantity  of  carbon.  Therefore,  the  carbonic 
acid  which  has  disappeared  has  given  its  oxygen  to  the  air 
and  its  carbon  to  the  plant,  and  this  has  been  produced  solely 
by  the  action  of  solar  light." 

It  is  a  very  curious  circumstance,  however,  that  although 
the  direct  solar  rays  are  requisite  to  produce  a  decomposition 
of  carbonic  acid  in  plants  under  experiment,  yet  that  the 
most  feeble  diffused  light  of  day,  is  sufficient  to  produce  the 
result  more  or  less  in  a  natural  state.  Thus  we  find  that 
plants  growing  in  wells,  in  rooms  partially  darkened,  in  deep 
forests,  on  the  north  side  of  high  walls,  and  on  which  not  a 
single  ray  of  sunlight  ever  fell,  become  green,  and  often 
perform  all  their  functions,  without  much  apparent  incon- 
venience. Yet  De  Candolle  found  the  purest  daylight,  the 
brightest  lamp-light,  insufficient  to  bring  about  the  decompo- 
sition of  cai'bonic  acid. 

"  It  is  not  any  kind  of  water  in  which  oxygen  will  be  evolved 
in  the  sunshine ;  neither  boiled  water,  nor  distilled  water,  nor 
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that  in  which  nitrogen,  hydrogen,  or  even  oxygen,  have  been 
dissolved,  will  produce  the  result.  But  if  a  small  quantity  of 
carbonic  acid  is  dissolved  in  the  water,  the  gi'een  parts,  stimu- 
lated by  the  sun,  disengage  oxygen.  Various  ingenious  means 
have  been  contrived  to  prove  this  fact,  and  to  show  that  the 
quantity  of  oxygen  given  out  is  proportioned  to  the  quantity 
of  carbonic  acid  decomposed.  One  of  the  prettiest  experiments 
is  the  following,  by  De  Candolle:  —  He  placed  in  the  same 
cistern  two  inverted  glasses,  of  which  one  (A),  as  well  as  the 
cistern  itself,  was  filled  with  distilled  water,  and  had  a  plant 
of  Watermint  floating  in  it;  the  other  glass  (B)  was  filled  with 
carbonic  acid.  The  water  of  the  cistern  was  protected  from 
the  action  of  the  atmosphere  by  a  deep  layer  of  oil.  The  ap- 
paratus was  exposed  to  the  sun.  The  carbonic  acid  in  the 
glass  B  diminished  daily,  as  was  obvious  from  the  water  rising 
in  it ;  and  at  the  same  time  there  rose  to  the  top  of  the  glass 
A  a  quantity  of  oxygen,  sensibly  equal  to  the  quantity  of  car- 
bonic acid  absorbed.  During  the  twelve  days  that  the  experi- 
ment was  continued,  the  Mint  plant  remained  in  good  health ; 
while,  on  the  contrary,  a  similar  plant,  placed  under  a  glass, 
filled  with  distilled  water  only,  had  disengaged  no  oxygen, 
and  exhibited  manifest  signs  of  decomposition.  The  same 
experiment  having  been  tried,  only  employing  oxygen  in  the 
place  of  carbonic  acid,  no  gas  was  disengaged  in  the  glass  that 
contained  the  Mint  plant." 

"  This  is  sufficient  to  show[that  the  green  parts  of  plants  ex- 
posed to  the  sun  decompose  carbonic  acid.  By  others,  not 
less  ingenious,  it  has  been  ascertained  that  the  carbon  which 
is  the  result  becomes  fixed  in  the  plant  itself.  It  has  been 
found  that  Periwinkles,  growing  where  carbonic  acid  had  ac- 
cess to  them,  gained  carbon ;  while  similar  plants,  in  a  situ- 
ation cut  off  from  the  access  of  carbonic  acid,  not  only  gained 
no  carbon,  but  lost  a  part  of  what  they  previously  possessed. 

"  If  the  green  parts  are  placed  in  the  dark,  in  a  receiver  full 
of  atmospheric  air,  we  find  that  the  quantity  of  oxygen  is  per- 
ceptibly diminished.  From  this,  and  many  other  consider- 
ations, we  are  forced  to  conclude  that  oxygen  is  absorbed  by 
plants  at  night.  This  gas  does  not,  however,  remain  in  the 
system  of  a  plant  in  an  elastic  state,  for  neitlier  the  air-pump 
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nor  heat  will  disengage  it ;  but  it  appears  to  incoi-porate  itself 
wdth  the  tissue,  since  solar  light  readily  disengages  it.  The 
inference  therefore  is,  that  it  is  absorbed  at  night,  and  com- 
bines with  the  carbon  already  existing,  forming  carbonic  acid, 
and  that  the  latter  is  decomposed  by  the  sun,  as  has  before 
been  shown." 

It  has  been  ascertained  from  other  experiments  that  a  small 
quantity  of  carbonic  acid  is  perpetually  evolved  by  leaves 
both  day  and  night.  Some  observations  by  Burnett  upon  this 
subject  are  detailed  in  the  "Journal  of  the  Royal  Institution," 
and  have  led  their  ingenious  author  to  the  opinion,  that  under 
the  name  of  respiration  two  distinct  phenomena  are  con- 
founded ;  and  that  while  respiration,  properly  so  called,  which 
consists  in  the  extrication  of  carbonic  acid,  is  incessantly 
in  action,  digestion,  which  is  indicated  by  the  decomposi- 
tion of  carbonic  acid  and  extrication  of  oxygen,  takes  place 
exclusively  in  daylight.  "  Hence,"  he  says,  "  are  we  not  jus- 
tified in  concluding  that  the  production  of  oxygen,  and  its 
converse,  the  formation  of  carbonic  acid,  are  the  imvarying 
results  of  two  different  functions ;  viz.  this  of  I'espiration,  that 
of  digestion ;  and  that  both  are  vegetative  actions  dependent 
upon  vitality  ?  To  conclude :  the  formation  of  carbonic  acid 
is  constant  both  by  day  and  night,  during  the  life  of  the  vege- 
table; it  is  equally  carried  on  whether  in  sickness  or  in 
health;  it  is  essential  to  its  existence  for  the  sustentation  of 
its  irritability ;  for,  if  deprived  of  oxygen,  and  confined  in  car- 
bonic acid  gas,  plants,  like  animals,  quickly  die.  Tliis  func- 
tion, which  is  performed  chiefly  by  the  leaves  and  petals, 
though  also  in  a  less  degree  by  the  stems  and  roots,  like  the 
respiration  of  animals,  is  attended  with,  and  marked  by,  the 
conversion  of  oxygen  into  carbonic  acid ;  it  is  the  respiration 
of  plants. 

"  Again :  vegetables,  at  certain  times  and  under  certain  cir- 
cumstances, decompose  carbonic  acid,  and  renovate  the  atmo- 
sphere by  the  restoration  of  its  oxygen;  but  this  occasional 
restoration  is  dependent,  not  upon  the  respiratory,  but  the 
digestive,  system :  it  in  part  arises  from  the  decomposition  of 
water,  but  chiefly  from  the  decomposition  of  carbonic  acid, 
absorbed  either  in  the  form  of  gas  or  in  combination  with 
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water,  either  by  the  roots  or  leaves,  or  both ;  and  here  again 
the  analogy  holds  good  between  the  functions  of  respiration 
and  digestion  in  animals  and  plants,  for  to  both  is  carbonic 
acid  deleterious  when  breathed,  and  to  both  is  it  invigorating 
to  the  digestive  organs." — Journal  of  Royal  Institution,  new 
series,  vol.  i.  p.  99. 

As  the  decomposition  of  carbonic  acid  gas  is  thus  evidently 
an  important  part  of  the  act  of  respiration,  it  might  be 
supposed  that  to  supply  a  plant  with  a  greater  abinidance  of 
carbonic  acid  than  the  atmosphere  will  usually  yield,  would  be 
attended  with  beneficial  consequences.  To  ascertain  this 
point  several  experiments  have  been  instituted;  the  most 
important  of  which  are  those  of  Saussure,  who  found  that,  in 
the  sun,  an  atmosphere  of  pure  carbonic  acid  gas,  or  even  air, 
containing  as  much  as  sixty  per  cent.,  was  destructive  of  vege- 
table life ;  that  fifty  per  cent,  was  highly  prejudicial ;  and  that 
the  doses  became  gradually  less  prejudicial  as  they  were  dimi- 
nished. From  eight  to  nine  per  cent,  of  carbonic  acid  gas 
was  found  more  favourable  to  growth  than  common  air.  This, 
however,  was  only  in  the  sun :  any  addition,  however  small, 
to  the  quantity  of  carbonic  acid  naturally  found  in  the  air  was 
prejudicial  to  plants  placed  in  the  shade. 

The  life  of  a  plant  seems,  then,  to  consist  in  a  successive  di- 
urnal decomposition  and  recomposition  of  carbonic  acid.  By 
night  it  vitiates  the  atmosphere  by  robbing  it  of  its  oxygen — 
by  day  it  purifies  it  by  restoring  it.  It  is  a  curious  question 
whether,by  this  alternation  of  phenomena,  the  vegetable  kingdom 
actually  leaves  the  atmosphere  in  its  original  state,  or  whether  it 
purifies  it,  permanently  giving  it  more  oxygen  than  it  deprives 
it  of.  Considering  the  great  loss  of  oxygen  produced  either 
by  the  respiration  of  animals,  or  by  its  combination  with  va- 
rious mineral  matters,  or  by  other  means,  it  is  to  be  supposed 
that  the  atmosphere  would  in  time  become  so  far  deprived  of 
its  oxygen  as  to  be  unfit  for  the  maintenance  of  animal  life,  if 
it  were  not  for  some  active  compensating  power.  This 
appears  to  reside  in  the  vegetable  kingdom ;  for  Professor 
Daubeny,  of  Oxford,  has  ascertained  by  experiments,  partially 
communicated  to  the  British  Association,  but  not  yet  pub- 
lished, that  plants  undoubtedly  exercise  a  purifying  influence 
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on  the  atmosphere.  In  a  letter  I  have  recently  received  from 
him  he  expresses  himself  thus  :  — 

"  As  the  observations  of  Ellis  left  it  in  some  doubt  whether 
the  balance  Avas  in  favour  of  the  purifying  or  the  deteriorating 
influence  upon  the  air  which  is  exercised  by  plants  during  dif- 
ferent portions  of  the  day  and  night,  I  conducted  my  experi- 
ments in  such  a  manner  that  a  plant  might  be  inclosed  in  a 
jar  for  several  successive  days  and  nights,  whilst  the  quality  of 
the  air  was  examined  at  least  two  or  three  times  a  day,  and  fresh 
carbonic  acid  admitted  as  required.  A  register  being  kept  of 
the  proportion  of  oxygen  each  time  the  air  was  examined,  as 
well  as  of  the  quantity  of  carbonic  acid  introduced,  it  was 
invariably  found  that,  so  long  as  the  plant  continued  healthy, 
the  oxygen  went  on  increasing^  the  diminution  by  night  being 
more  than  counterbalanced  by  the  gain  during  the  day.  This 
continued  until  signs  of  unhealthiness  appeared  in  the  confined 
plant,  when,  of  course,  the  oxygen  began  to  decrease. 

"  In  a  perfectly  healthy  and  natural  state  it  is  probable  that 
the  purifying  influence  of  a  plant  is  much  greater  ;  for  when  I 
introduced  successively  different  plants  into  the  same  air,  at 
intervals  of  only  a  few  hours,  the  amount  of  oxygen  was  much 
more  rapidly  increased,  —  in  one  instance  to  more  than  40  per 
cent,  of  the  whole  instead  of  20,  as  in  the  air  we  breathe." 

Thus,  the  vegetable  kingdom  may  be  considered  as  a  special 
provision  of  nature,  to  consume  that  which  would  render  the 
world  uninhabitable  by  man,  and  to  have  been  so  beautifully 
contrived  that  its  existence  depends  upon  its  perpetual 
abstraction  of  that,  without  the  removal  of  which  our  own 
existence  could  not  be  maintained. 

The  result  of  the  foregoing  phenomena  is  the  formation 
of  numerous  principles  pecviliar  to  the  vegetable  kingdom, 
and  the  deposition  of  others  which  are  foreign  to  plants,  but 
which  have  been  introduced  into  their  system  in  the  current 
of  the  sap.  Thus  are  produced  the  silex  of  the  Grass  tribe ; 
the  sugar  of  the  Cane,  and  of  various  fruits;  the  starch  of  Corn, 
Potatoes,  and  other  farinaceous  plants;  the  gum  of  the  Cherry; 
the  tannin  of  the  Oak ;  and  ail  those  multitudes  of  alkaline, 
oily,  resinous,  and  other  principles  of  which  the  modern 
chemist  has  ascertained  the  existence.  These,  belonging  to  the 


318  PHYSIOLOGY.  BOOK  II. 

province  of  Chemistry  rather  than  of  Botany,  need  not  be 
recapitulated  here.  It  will  be  more  useful  to  make  some 
o-eneral  observations  upon  the  practical  application  of  the 
physical  laws  we  have  been  examining. 

As  light  is  the  great  agent  by  which  the  decomposition, 
recomposition,  and  assimilation  of  the  juices  of  plants  take 
place,  and  as  it  must  be  obvious  that  the  intensity  of  the  action 
of  vegetable  secretions,  or  their  abundance,  will  depend  upon 
the  dearee  of  their  elaboration,  it  follows  that  these  must  be 
in  direct  proportion  to  the  quantity  of  light  they  have  been 
exposed  to.  As  has  been  observed  by  the  author  of  the 
article  Botany,  in  the  "  Library  of  Useful  Knowledge,"  "  We  see 
in  practice  that  the  more  plants  are  exposed  to  light  when 
growing  naturally,  the  deeper  is  their  green,  the  more  robust 
their  appearance,  and  the  greater  the  abundance  of  their  odours 
or  resins  ;  and  we  know  that  all  the  products  to  which  these  ap- 
pearances are  owmg  are  highly  carbonized.  On  the  contrary, 
the  less  a  plant  is  exposed  to  sunlight,  the  paler  are  its 
colours,  the  laxer  its  tissue,  the  fainter  its  smell,  and  the 
less  its  flavour.  Hence  it  is  that  the  most  odoriferous  herbs 
are  found  in  greatest  perfection  in  places  or  countries  in  which 
the  sunlight  is  the  strongest  —  as  sweet  herbs  in  Barbary 
and  Palestine,  Tobacco  in  Persia,  and  Hemp  in  the  bright 
plains  of  extratropical  Asia.  The  Peach,  the  Vine,  and  the 
Melon,  also,  no  where  acqviire  such  a  flavour  as  under  the 
brilliant  sun  of  Cashmere,  Persia,  Italy,  and  Spain. 

This  is  not,  however,  a  mere  question  of  luxury,  as  odour 
or  flavour  may  be  considered.  The  fixing  of  carbon  by  the 
action  of  light  contributes  in  an  eminent  degi'ee  to  the  quality 
of  timber,  —  a  point  of  no  small  importance  to  all  countries. 

It  is  in  a  gi'eat  degree  to  the  carbon  incorporated  with  the 
tissue,  either  in  its  own  proper  form,  or  as  resinous  or  astrin- 
gent matter,  that  the  diflPerent  quality  in  the  timber  of  the 
same  species  of  tree  is  principally  owing.  Isolated  Oak 
trees,  fully  exposed  to  the  influence  of  light,  form  a  tougher 
and  a  more  durable  timber  than  the  same  species  growing  in 
dense  forests ;  in  the  former  case  its  tissue  is  solidified  by  the 
greater  quantity  of  carbon  fixed  in  the  system  during  its 
growth.      Thus    we  have   every  reason  to  believe  that  the 
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brittle  Wainscot  Oak  of  the  Black  Forest  is  produced  by  the 
very  same  species  as  produces  the  tough  and  solid  naval  timber 
of  Great  Britain.  Starch,  again,  in  which  carbon  forms  so  large 
a  proportion,  and  which,  in  the  Potato,  the  Cassava,  Corn, 
and  other  plants,  ministers  so  largely  to  the  nutriment  of  man, 
depends  for  its  abundance  essentially  upon  the  presence  of 
light.  For  this  reason,  Potatoes  grown  in  darkness  are,  as 
we  say,  watery,  in  consequence  of  no  starch  being  developed  in 
them ;  and  the  quantity  of  nutritious,  or  amylaceous  matter 
they  contain  is  in  direct  proportion  to  the  quantity  of  light  to 
which  they  are  exposed.  For  this  reason,  when  orchard- 
ground  is  under-cropped  with  Potatoes,  the  quality  of  their 
tubers  is  never  good :  because  the  quantity  of  light  intercept- 
ed by  the  leaves  and  branches  of  the  orchard-trees  prevents  the 
formation  of  carbon  by  the  action  of  the  sun's  rays  upon  the 
carbonic  acid  of  the  Potato  plant.  Mr.  Knight  has  turned 
his  knowledge  of  this  unquestionable  fact  to  great  account  in 
his  application  of  the  principles  of  vegetable  physiology  to  hor- 
ticultural pui'poses." 

That  the  intensity  of  light  does  in  fact  vary  most  mate- 
rially in  different  climates,  is  a  matter  of  inference  from  the 
difference  of  temperature.  But  it  never  has  been  actually 
measured,  to  my  knowledge,  by  any  one  except  Herschel, 
who,  in  a  communication  made  to  the  "  Athenaeum"  news- 
paper of  April  25.  1835,  speaks  of  an  instrument  called  an 
actinometer,  which  he  finds  extremely  sure  and  uniform  in 
its  indications.  This  instrument  gives  the  force  of  sunshine 
at  the  Cape  of  Good  Hope  as  48°75,  while  ordinary  good 
sunshine  in  England  is  only  from  25°  to  30°. 

The  principal  part  of  the  secretions  of  plants  is  deposited  in 
some  permanent  station  in  their  system;  as  in  the  roots  of 
perennials,  and  the  bark  and  heartwood  of  trees  and  shrubs. 
It  appears,  however,  that  they  have,  besides  this,  the  power  of 
getting  rid  of  superfluous  or  deleterious  matter  in  a  material 
form.  In  the  Limnocharis  Plumieri  there  is  a  large  pore  ter- 
minating the  veins  of  the  apex  of  the  leaf,  from  which  water  is 
constantly  distilled.  The  pitchers  of  Nepenthes,  which  are 
only  a  particular  kind  of  leaves,  secrete  water  enough  to  fill 
half  their  cavity.     But,  besides  this  more  subtle  fluid,  secre- 
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tions  of  a  grossei*  quality  take  place  in  plants.  The  honey 
dew,  which  is  so  often  attributed  to  insects,  is  one  instance  of 
the  perspiration  of  a  viscid,  saccharine  substance ;  the  manna  of 
the  ash  is  another;  and  the  gum  ladanum  that  exudes  from  the 
Cistus  ladaniferus  is  a  third  instance  of  this  kind  of  perspiration. 
It  is,  however,  by  the  roots  that  the  most  remarkable  secretions 
are  voided. 

It  has  long  been  known  that  some  plants  are  inca- 
pable of  growing,  or  at  least  of  remaining  in  a  healthy  state, 
in  soil  in  which  the  same  species  has  previously  been  culti- 
vated. For  instance,  a  new  apple  orchard  cannot  be  made  to 
succeed  on  the  site  of  an  old  apple  orchard,  unless  some  years 
intervene  between  the  destruction  of  the  one  and  the  planting 
of  the  other :  in  gardens,  no  quantity  of  manure  will  enable 
one  kind  of  fruit-tree  to  flourish  on  a  spot  from  which  another 
tree  of  the  same  species  has  been  recently  removed ;  and  all 
farmers  practically  evince,  by  the  rotation  of  their  crops,  their 
experience  of  the  existence  of  this  law. 

Exhaustion  of  the  soil  is  evidently  not  the  cause  of  this,  for 
abundant  manuring  will  not  supersede  the  necessity  of  the 
usual  rotation.  The  celebrated  Duhamel  long  ago  remarked 
that  the  Elm  parts  by  its  roots  with  an  unctuous  dark-coloured 
substance ;  and,  according  to  De  Candolle,  both  Humboldt 
and  Plenck  suspected  that  some  poisonous  matter  is  secreted 
by  roots;  but  it  is  to  Macaire,  who,  at  the  instance  of  the  first 
of  these  three  botanists,  undertook  to  inquire  experimentally 
into  the  subject,  that  we  owe  the  discovery  that  tlie  suspi- 
cion above  alluded  to  is  well  founded.  He  ascertained  that  all 
plants  part  with  a  kind  of  faecal  matter  by  their  roots;  that  the 
nature  of  such  excretions  varies  with  species  or  large  natural 
orders:  in  Cichoraceae  and  Papaveracea?  he  found  that  the 
matter  was  analogous  to  opium,  and  in  Leguminosae  to  gmn ; 
in  Graminese  it  consists  of  alkaline  and  earthv  alkalies  and 
carbonates,  and  in  Euphorbiaceae  of  an  acrid  gum-resinous 
substance.  These  excretions  are  evidently  thrown  off  by  the 
roots  on  account  of  their  presence  in  the  system  being  dele- 
terious; it  was  also  found,  by  experiment,  that  plants  artificially 
poisoned  parted  with  the  poisonous  matter  by  their  roots.  For 
instance,  a  plant  of  Mercurialis  had  its  roots  divided  into  two 
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